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For controlled 
pipe movement. . 


ON-TE 


“REG. TRADE MARK 


CONSTANT TENSION 
PIPE SUPPORTS 


The Con-Ten system has not only been tested, 
but proved in industries and power stations all 
over the world. No matter what the load or the 
pipe movement, or the problems met, there 

is a Con-Ten to provide the most adequate and 
permanent support available. Loads from 100 Ibs. 
to 14 tons and pipe movements up to 18” can 

be controlled by constant tension supports 

in the Con-Ten range. 

Contact ys now for full information 


British Patent Nos. 474008, 720074 720075, 697987, 816976 
U.S.A. Patent No. 2129320 
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GRILLES 
and REGISTERS 


Phone or write for catalogue of grilles and registers 


AIR CONDITIONING & ENGINEERING (N.I.) LTD., 
TANDRAGEE, CO. ARMAGH, NORTHERN IRELAND. 
P.O. BOX 8, PORTADOWN, N. IRELAND, PHONE TANDRAGEE 214 
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WIN 
THE BATTLE 
OF THE BURR 


B. O. MORRIS LTD. - MORRISFLEX WORKS, BRITON ROAD - COVENTRY 
Telephone : 53333 (PBX) 


Telegrams : MORISFLEX, COVENTRY 


PRODUCT OF THE Merricafler GROUP 
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time 


time 


Mullard 


GOVERNMENT AND 
INDUSTRIAL VALVE DIVISION 


Mullard| MULLARD LIMITED Government and Industrial Valve Division 
QA Mullard House - Torrington Place - London - WC1 Telephone: LANgham 6633 
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he 56AVP Photomultiplier is acknowledged to be the most advanced of its kind in 

he world. The width of the output pulse delivered by the 56AVP is as little as 
millimicroseconds at half height, and the rise time is of the same duration. Another 
xceptional characteristic of this most exceptional photomultiplier is a high peak 
utput current of 1A, linear up to 300 mA. 


remarkable range of Photomultipliers 

e 56AVP is, in fact, an outstanding member of a distinctly outstanding range — the thirteen 
fullard photomultiplier tubes, all of them providing unsurpassable performances, some of 
hem unequalled in the world. 
his range covers the spectrum from ultra-violet to near infra-red and three of the tubes 
ncorporate a unique focused dynode system, providing their excellent transit time spread 
nd rise time. 
hese tubes were introduced only after the most intensive development programme. In 
articular, the construction, arrangement and mounting of the secondary cathodes have been 
he subject of exhaustive studies aimed at producing a multiplier system giving a high current 
ain, minute dark current and minimum variation of electron transit time. 


orso many applications 

mployment in scintillation counting and gamma spectroscopy are but two of a very broad 
ange of applications in which these tubes are used. 

here is so much to be said... 


bout the 56AVP and the other twelve tubes in this range that you can gather all the 
hecessary information only by studying the Mullard data sheets which will gladly be sent on 
equest. Write now for these and for any further details concerning the Mullard photomultipliers 
nd their applications. Here are brief details of the complete range 


UVP Eleven stage tube with 

2mm diameter photocathode 
nd quartz end window to give 
nsitivity to ultra-violet. 


ZAVP Ten stage tube of 25mm 
utside diameter and with 20mm 
iameter photocathode. 


BAVP Eleven stage tube with 
mm diameter photocathode for 
se in gamma spectroscopy. 


BUVP As 53AVP but with 


uartz end window to give 
ensitivity to ultra-violet. 


AVP Eleven stage tube with 
diameter photocathode 
for flying spot scanners. 


56AVP Fourteen stage tube with 
focused dynode structure giving rise 
time and transit time spreads of 

2x 10-9 s. 42 mm diameter 
photocathode. 


S56UVP As 56AVP but with quartz 
end window. 


57AVP Eleven stage tub 
photocathode 200 mm in 


58AVP Fourteen stage tu } 
110 mm diameter input ee T 


tube has a tetrode input sypter® 
giving spreads in transit ti 
photocathode of 10-9 s. 


150AVP General purpose t ag 
tube with 32 mm diameter : 
photocathode. 


150CVP As 150AVP but with a 
photocathode sensifive to infra 
radiation up to 1.2 ; 


153AVP Eleven sta 
use with scintillatio 
a resolution of less t 
with Cs!37, 
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by 
PRINCES PRESS LTD. 
147, Victoria Street, 
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Telephone: Victoria 6423 


THE CONSULTING ENGINEER 
Detailed, profusely illustrated articles, news and 
information. Monthly. 3 6d. (Postage 2/-) 12 
issues 42/- post free. 


NUCLEAR ENERGY 

All aspects of nuclear energy in industrial use, 
science, medicine, education, etc. Monthly. 3/6d. 
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HEATING & 
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Lively, authoritative coverage 

of trade and technical matters 
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Temperature & Degree Days—Season 1959-60 


Monthly tables of official min/max/mean temperatures and degree days. 
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MATHEMATICS IS EASY—by D. S. Watt, BSc, pp. 488. 
Figs. 109. Cloth bound. 48s. net. With this book it is 
possible to learn mathematics from the first equation to 
the most advanced calculus. 
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STREAM-LINE mobile filtration plant 


To meet the special demands of maintenance engineers in 
nuclear power and similar applications, Stream-Line now 
supplement their range of insulating oil purifiers by the 
addition of large capacity mobile tanks. The Stream-Line 
filter is already well known for its efficiency in keeping 
insulating oil free from all solid, liquid and gaseous impurities; 
now, combined with two tanks (one for dirty, one for clean 
oil) it makes possible a completely mobile, extremely versatile 
filtration plant. Oil can be pumped quickly from the trans- 
former into the ‘dirty’ tank and either taken away for batch 
filtration or filtered on site and passed straight into the ‘clean 
tank’. While the oil is being purified essential maintenance 
work can be carried out on the transformers. 


The 1,000 gallon tank illustrated above is one of a pair 
supplied with a 250 g.p.h. Stream-Line insulating oil filter 
to the British Thomson-Houston Co. Ltd., for use at Berkeley 
Power Station. Larger capacity tanks are also available, in- 
cluding models which combine clean and dirty tanks on a 
single transporter. 


OTHER APPLICATIONS IN THE NUCLEAR FIELD 


The ability of the Stream-Line filter to remove even sub- 
micronic particles, coupled with ease of operation by 
remote control, provides the nuclear engineer with means 
for dealing with some of his special problems involving 
radio-active materials. 


SUPER EFFICIENCY 


For applications demanding super efficiency in the elimination of 
last traces of air and water, Stream-Line high vacuum filters 
(Type CN-HV) are available operating at pressures in the order of 
0.1 mm. Hg., compared with the 28”/29” Hg. vacuum employed by 
medium vacuum (CN) types. Outputs range from §0 to 1,500 g.p.h. 


STREAM-LINE FILTERS LIMITED 
HENLEY PARK, NORMANDY, NR. GUILDFORD, SURREY 


Telephone: Normandy (Surrey) 3311-3 
A member of the VOKES Group 


Telegrams: Edgefilt, Guildford 
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MANUFACTURERS & SUPPLIERS OF 


Heat surfaces 
the Nuclear Industry 


UNITED AIR COILLTD., TRINITY ST., LONDON, S.E.1. 
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Time and 
time again 


TIME PAST 


Vokes Genspring hangers were introduced to 
provide constant support for high temperature 
pipework over a wide range of vertical move- 
ment. One of the applications for which they 
were specified was the support of pipework at 
the then revolutionary nuclear power stations at 


Calder Hall and Chapel Cross. 


TIME PRESENT 


Such was their success that we are now privileged 
to supply suspension equipment to the five 
members of the Nuclear Consortia for the five 
latest Nuclear Power Stations. A new Genspring 
capable of supporting 97,800 lb. with 12” vertical 
travel has been built mainly for use in Nuclear 


Power applications. 


TIME FUTURE 


Vokes Genspring have thus built up a unique 
fund of specialised knowledge which will prove 
invaluable in overcoming new pipe support prob- 
lems which the power stations of the future will 


almost certainly present. 


Mz to M4 Constant Supports covering loads from 315 lb. 
to 22,500 lb. and travels from 1.5” to 12”. The latest 
addition to the range ts Type M7 for loads up to 97,800 |b. 
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The illustrations above are artists’ impressions of 
the Nuclear Power Stations at Berkeley (A.E.1.— 
John Thompson Nuclear Energy Co. Ltd.); 
Bradwell (The Nuclear Power Plant Company 
Ltd.); Hunterston (G.E.C.—Simon-Carves Group); 
Hinkley Point (English Electric, Babcock & Wilcox, 
Taylor Woodrow Atomic Power Group) and 
Trawsfynydd (Atomic Power Constructions Ltd.). 


Vokes Genspring SUSPENSION SYSTEMS 


VOKES GENSPRING LIMITED - GUILDFORD - SURREY 


Telex: 8-535 Vokesacess, Guildford. Telegrams & Cables; Vokesacess, Guildford, Telex, 


Telephone: Guildford 62861 (6 lines) 
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The Promise of Liquid Metals 


Over the past 13 years the United States have spent 
millions of pounds and untold effort in basic research to 
develop practical nuclear power reactors. Now, as com- 
mercial interest in power reactors in the States begins to 
take more shape, the authors take a look at the research 
and development work carried out on liquid fuel metal 
systems and assess possible future designs 


IQUID metals, particularly 

alkalis, are known for their 
excellent heat-transfer and transport 
characteristics. Preliminary investi- 
gations indicated that several were 
technically feasible as reactor cool- 
ants and much of the early work 
sponsored by the USAEC and the 
U.S. Navy centred on these ma- 
terials. Major effort has been with 
sodium, but work has also been car- 
ried out with sodium-potassium mix- 
tures, bismuth (in the Liquid Metal 
Fuel Reactor — LMFRE — pro- 
gramme) and lithium. 

Alkali metals are widely accepted 
as reactor coolants for their qualities 
of good heat transfer, low melting 
and high boiling temperatures, good 
thermal and radiation stability and 
low neutron-absorption cross-section. 
Since they are elementary substances, 
they will not decompose, polymerize 
or carbonize. 

Design problems of generating 
steam with sodium arose from the 
lack of knowledge of the basic opera- 
tion. In some 12 years of laboratory 
development of fundamental techno- 
logy, as well as proof testing model 
and prototype boilers, however, 
enough has been learned to define 
design criteria for alkali-metal-heated 
boilers with confidence. 

Some important problems and 
how they have been met in specific 
designs are now considered, The 
principles apply generally to all 
alkali metals but the discussion 
stays with sodium, which ts involved 
in the majority of operating experi- 
ence. 

Chemical activity of sodium cre- 
ated design problems due to Na-H,O 
reaction in the event of a leak. Since 


the size and nature of all leaks and 
rate of Na dispersion cannot be pre- 
dicted, the hazard cannot be fully 
evaluated. Theoretical analysis of 
reaction possibility, chemistry and 
mechanics is supported by shock- 
wave and bubble-energy research 
from which equipment-design recom- 
mendations have been made. 


Double-concentric tubes 

In several sodium-heated steam- 
generator development programmes, 
boilers have been designed to use 
double-concentric tubes. Mercury 
has been the third or * monitoring 
fluid in the double-tube annulus of 
several of these generators. To 
avoid the toxic properties of mercury, 
however, the Seawolf boilers used 
NaK as the third fluid. 

Tube leaks were simulated at the 
Knolls Atomic Power Laboratory by 
injecting water directly into sodium. 
Added research by Mine Safety 
Appliances Co., Babcock & Wilcox 
and others proved that fairly large 
water-to-annulus leaks could be 
spotted and action taken without 
undue mechanical damage. 

There are three main reasons why 
little damage occurs: 

(1) Adequately designed gas-filled 
surge volume cushions and_ helps 
eliminate propagation of serious 
shock waves. 

(2) Properly designed sodium pas- 
sages let flowing coolant carry away 
reaction heat rapidly. 

(3) Rate and degree of water dis- 
persal into sodium is slowed by 
oxide film on water droplets, plus 
isolating shield of hydrogen gas 
generated by the reaction. 


i by J. H. Amman and T. S. Sprague, Babcock and Wilcox Co., U.S.A. 


Other design problems related to 
chemical properties of sodium are 
corrosion-leak detection and sodium- 
side cleaning, maintenance and re- 
pair. Specific designs discussed later 
have tackled these problems. 

Heat-transfer characteristics of 
liquid metals have not been fully 
defined. The subject is not yet com- 
pletely understood. A report by the 
Mine Safety Appliances Company 
states liquid metals differ in heat 
transfer sufficiently to require proof- 
testing for each new configuration. 
The future looks brighter, for there 
are several programmes in progress 
or considered which should improve 
understanding of liquid-metal heat 
transfer. 


Sodium becomes radioactive 


Sodium becomes radioactive when 
passing through the reactor. This 
usually dictates use of intermediate 
heat exchangers to prevent water 
contamination. Designers of the 
SIG and S2G Seawolf submarine 
reactors got around this by placing 
generators within the reactor-con- 
tainment shield and steam separators 
outside. This separated the systems 
and at the same time cut space and 
weight. 

Materials of construction must be 
extremely pure. Powerful leaching 
action of liquid sodium and potas- 
sium demands careful fabrication to 
avoid slag inclusions and oxide 
impurities potential leak paths. The 
water side of double-tube systems in 
which the intermediate heat ex- 
changer is omitted may need a 
material that resists pitting by oxygen 
released through radiolysis. Modern 
quality control, radiographic, dye 
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RECIRCULATING BALLS IN SPLINED SLEEVE 


DEFLECTOR FINGER 
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NW 
AXIAL RACEWAYS ON SHAFT 


... ANOTHER 
ENGINEERING ADVANCE 
FROM BRISTOL SIDDELEY 


Bristol Siddeley Engines Limited produce Beaver* ball 
splines. These ball splines achieve a minimum efficiency of 
90% and they can operate within a temperature range of 
—55° C to over 450° C. 

Machined and ground to the highest standards of pre- 
cision, Beaver ball splines are much more efficient in 
operation than conventional splines. They substitute a 
recirculating stream of precision-ground balls, rolling 
along specially contoured grooves, for the solid key and 
€% keyway. This arrangement reduces friction to a minimum 
j when the spline assembly is subjected to linear, torque 
and bending loads. It also gives optimum smoothness and 
avery fine degree of positioning accuracy. When compared 
to conventional spline mechanisms, Beaver ball splines 
require a much smaller power source; provide a predict- 
able operating life; need much less maintenance; and give 
iong trouble-free operation. 


Basic desi 


gn applicati analysis 


Bristol Siddeley engineers make an exhaustive analysis of 
each specification and each unit is specially designed for 
its particular application. For Beaver splines can be made 


with angular pre-loading, with multiple circuits, and with 
telescopic extensions. Beaver splines have been proved as 
the most efficient method of minimising friction when 
high torsional and bending loads are imposed during 
linear movement in many engineering applications. They 
have been designed already with rated operating torque 
capacities of 50,000 Ib/in (200,000 Ib/in maximum static 
torque) but the maximum potential operating torque is, 
in most cases, limited only by the requirement. 


Bristol Siddeley Beaver ball screws 
reduce the power required for actuation by as 
much as 80°. By eliminating backlash, with 
pre-loading, they give precise control over very 
small increments of motion when converting 
rotary drive into linear output. 


*Complete technical and manufacturing co-operation with Beaver 
Precision Products Inc, Detroit. 


For further information please write to J. B. Starky, Sales 


Manager (Ball Screws and Splines), Bristol Siddeley 
Limited, PO Box 17, Coventry, England. 


I-ngines 


BRISTOL SIDDELEY ENGINES LIMITED 


Operate at -55°C to 450°C and over... 


penetrant and ultrasonic inspection 
catch most leaks. There is no known 
non-destructive test, however, which 
guarantees permanent leak-tightness 
—except extended operation under 
design conditions of temperatures 
and flow. 


Thermal stress becomes a major 
design problem because the high 
thermal conductivity and film con- 
ductances of sodium can create 
severe thermal stresses at tube sheets, 
nozzles, etc., particularly during sud- 
den flow or temperature transients. 
This calls for thermal blocks, sleeves, 
gas blankets, expansion loops and 
bellows. 


Impressive array 


An impressive array of functional 
and structural data has been as- 
sembled and many full-scale as well 
as model steam generators have been 
designed, built and tested. But there 
are still no positive design rules to 
guarantee satisfactory operation. It 
is still best to test a prototype or 
model. 


Initial development work in the 
field of alkali metals for nuclear 
energy was carried out under the 
Genie-Alphus Programme, begun in 
1947. This led to the Submarine 
Intermediate Reactor—SIR—Pro- 
gramme and to the design and instal- 
lation of the Seawol/f power plant. 
These programmes were sponsored 
by the Bureau of Ships and the U.S. 
Atomic Energy Commission. 


The boiler developed under this pro- 
gramme consisted of a straight-tube 
natural-circulation evaporator and 
continuous-loop superheater, both 
using sodium-potassium mixtures-to- 
mercury-to-water systems. Design 
was largely based on_ prevailing 
boiler experience, ASME Boiler Code 
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Sodium inlet Third fluid space Double tubes 
Vent Risers 
The S1G boiler tube = S3 
bank in which sodium = i) 
was used to simulate == 
generators 
Drain Drain 
Sodium outlet Downcomers Downcomers 


and the relatively meagre data for 
sodium and potassium available at 
that time. 


Thermal stresses 


Thermal stresses in tube sheets, 
heads and pipe connections contain- 
ing sodium-potassium mixtures and 
cooled by water or steam on the 
secondary side presented main struc- 
tural problems. These problems 
were met by using floating heads, 
thermal sleeves and expansion bel- 
lows. NaK side of boiler and super- 
heater was 18-8 Cb stainless steel, 
which can take high stresses and 
temperatures and has high resistance 
to corrosion. Little information was 
available for other materials sub- 
jected to hot, flowing NaK. Boiler 
and superheater waterside tubes were 
of SA-280, 0.5 per cent. chrome- 
molybdenum. 


Double-tube generators of Genie- 
Alphus required development of 
many new construction techniques. 
New methods of welding stainless- 
steel plates, tube sheets and tube-to- 
tube-sheet attachments and of pro- 
ducing leaktight welds had to be 
developed and tested before final 
fabrication could start. Since slag 
inclusions in welded joints could 
cause leaks, the welds required 
special techniques. Unusually high 


Superheated Mer . 
lercury inlet 
Sodium-potassium Sodium 
gg 
Straight tube natural 
Superhegie; “Mercury circulation evapora- 
N drain tor and continuous 
mica. superheater using 
feed drum Na-K/Hg/H,O  sys- 
lowncomers oy pal tem as designed for 
salets the Genie-Alphus 
owdown to the Seawolf sub- 
Fvaporalor == marine reactor pro- 
Header & Sodium-pot outlet 
‘Mercury drain 


standards of cleanliness were estab- 
lished, especially where the primary 
system was involved. 

Upper evaporator failed in service 
by thermal stress cracking after 
10,600 hours hot. Lower evaporator 
operated without incident. After 
removal from operation, an intensive 
metallographic examination was 
made of evaporator welds and areas 
where corrosion indications were 
found or suspected. Superheater 
was removed after some 4,000 hours 
of operation, 3,000 of them at 650° to 
900°F. But examination showed no 
evidence of component corrosion by 
NaK or mercury. None of the welds 
showed cracking as a result of 
service. 


S.1.R. Programme 


The SIR Programme was _ sub- 
divided into three parts: the Knolls 
Atomic Power Laboratory’s West 
Milton Programme—(S1G), the Mine 
Safety Appliance Company’s Model 
Boiler Test Programme, and the 
Seawolf (S2G) unit. 

SIG started operation in March, 
1955. During July and August of 
that year, steam-to-mercury leaks in 
both superheaters and one _ boiler 
were discovered. The leaks were 
small and their cause was never 
determined. 

Up to that time the unit had been 
subjected to 79 load swings of 10 to 
79 per cent. and 110 scheduled or 
accidental scrams. Nine occurred 
during high reactor-temperature dif- 
ferentials resulting in severe thermal 
shocking of boilers and superheaters. 

The programme was completed 
with generators operating at reduced 
pressure and load and with super- 


clusion of the SIG test runs gave 
valuable design and operating infor- 
mation for double-tube sodium- 
heated steam-generating units de- 
veloped in later programmes. 
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The Mine Safety Appliances Pro- 
gramme evaporator was a natural- 
circulation U-tube double-tube de- 
sign with mercury as monitoring 
fluid. The double-tube superheater 
originally used mercury for the third 
fluid, but this was changed to NaK 
so that no mercury vapour could 
possibly get into the crew’s quarters. 
A mercury-into-sodium leak also 
could have produced radioactive 
material of relatively long half life. 
All critical design features built into 
the S2G unit were included in the 
test model in order to prove its design 
as well as obtain information useful 
in operating the Seawolf plant. 


The unit was operated with NaK 
third fluid for 150 hours prior to 
superheater failure and 1,667 hours 
before evaporator failure. During 
this time, it was subjected to 1,125 
manoeuvring cycles (5 per cent. to 
100 per cent. to 5 per cent., and 25 
per cent. to 100 per cent. and 25 per 
cent.). 10 emergency cooling cycles 
and 46 occasions of severe carry-over 
with up to 200°F. steam-temperature 
drop in the superheater outlet. These 
test-runs proved the structural ade- 
quacy of the boiler design. 


Laboratory investigations of super- 
heater confirmed that NaK_ intro- 
duced into’ superheated steam 
produces a very severe cracking 
agent which presumably could have 
caused superheater failure. Cracking 
was particularly prevalent in areas of 
severe fabrication stresses—from ex- 
panding. welding, forming, etc. 
Water carry-over may also have 
accelerated failure of the superheater 
by thermal! shock. And rapid crack- 
ing on the evaporator water side 
could be caused by concentration of 
caustic introduced into the boiler 
water by a NaK leak. In addition, 
model-steam-generator tests high- 
lighted design requirements necessary 
for readily cleaning and decon- 
taminating pressure parts of Na- 
heated steam generating units. 
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Once-through U- 
tube, U-shell unit 
carried sodium on the 
shell side. Plugs at 
head permitted trac- 


Attemperotor 
ing of leaks with Sodium Superheoted steam outlet 


Ug 
—— 


inlet 


Of great value 


Results of the model-boiler test 
programme were not ready until 
after fabrication of the Seawolf steam 
generator was essentially’ completed 
and so could not be used in its 
design. However, they were of great 
value in helping interpret operating 
experience and guiding subsequent 
field modifications of the Seawolf. 


Seawolf (S2G) developed cracking 
in the stainless-steel outlet piping 
shortly after superheater went into 
service. Investigation showed typical 
stress-corrosion cracking, probably 
caused by a NaK leak in the super- 
heater. Leak cause could not be 
traced to material or welding defects 
in stainless components. Three more 
unrelated failures occurred in separ- 
ate circuits of the starboard evapora- 
tor. Leak sources could not be 
pinpointed because of extensive 
stress-corrosion cracking of tube 
sheets. 

Superheaters were by-passed and the 
unit operated at somewhat reduced 
load for 2] months without incident. 
Small tube clusters of S2G ended in 
inner and outer tube sheets at 
nozzles, so one cluster could be iso- 
lated with only 3 to 4 per cent. reduc- 
tion in heating surface. The third 
fluid space between tube sheets con- 
nected to a surge tank which in turn 


Mercury inlet Pot-yoiler”” uses 


double-tube 
with sodium inside 
tubes. New tech- 
nique bends hard 
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joined a central monitoring system. 
A leak in Na, steam or third-fluid 
system would change pressure in the 
surge tank and provide a means for 
automatic leak detection. 

The Atomic Power Development 
Association developed a single-tube 
once-through boiler test as part of 
the boiler-development programme 
for the Enrico Fermi plant. A !/,5;th- 
scale model U-tube U-shell generator 
was built. Since a_ liquid-metal- 
heated once-through unit had never 
before been built or operated, it was 
thoroughly instrumentated to obtain 
temperature data and guard. against 
NaK-H.O reaction damage. 

Extensive testing over 15 months 
subjected the unit to varying steady- 
state and transient operations. It 
successfully withstood 40 normal and 
25 forced shutdowns, including eight 
scrams caused by control malfunc- 
tions, weather and power interrup- 
tions. Neither liquid-metal system 
nor once-through boiler was respon- 
sible for any unscheduled outages. 

The unit weathered 150 transient 
tests. Coupled with shut-downs, 
this comes out to many times the 
cycling expected in equivalent. length 
of normal operation. During 4,200 
hours accumulated operation, no 
mechanical weaknesses showed up. 
These tests demonstrated the practic- 
ability of once-through single-walled 
steam generators, from both func- 
tional and structural aspects of the 
overall design. 

The Sodium Reactor Experiment 
(SRE) programme included a once- 
through U-tube U-shell unit designed 
and built by Babcock & Wilcox, 
installed and operated by Southern 
California Edison Company. The 
boiler contains concentric double- 
wall stainless tubes with mercury in the 
annulus and sodium on the shell side. 
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Single-tube once-through design offers 

maximum operating safety. Gas blanket 

thermal shielding protects against 
transients 


To cut sodium circulating-pump 
power, no shell-side baffling was in- 
stalled. High sodium conductivity 
was expected to ensure uniform tem- 
perature profiles across the 24 in. 
inside diameter shell. Initial opera- 
tion, however, indicated a_ large 
temperature unbalance with higher- 
temperature sodium flowing along 
the shell top for its entire length. 
This helped cause and in turn was 
aggravated by water-flow and steam- 
temperature unbalances. Water-flow 
unbalance was largely eliminated by 
installation of orifices in tube inlets, 
greatly reducing sodium-side tem- 
perature stratification in this design. 


Current design trends in liquid- 
metal-heated boilers include both 
recirculated (natural or forced) and 
once-through boilers, both single- 
and double-wall tubes. Experimental 
and analytical investigations by the 
Knolls Atomic Power Laboratory, 
the Mine Safety Appliance Company, 
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the Atomic Power Development 
Association, and Babcock & Wilcox, 
provide considerable assurance that 
even fairly large tube ruptures in 
single-tube steam generators will not 
endanger operating personnel. 


All development work and lessons 
learned in operation of the APDA 
and SRE units have been incorpor- 
ated into designs of the single-wall 
tube type. The unit of this type 
illustrated in this article is not the 
only current solution to these prob- 
lems, but it is representative of 
general design thinking for single- 
tube-wall units. 


Double-wall designs appear with 
liquid metal in tubes or on the shell 
side. The “ pot-boiler”’ unit illus- 
trated represents the latest advances 
in fabrication procedures for dual 
tubes and use of thermal blocks to 
minimize temperature transients. 


The natural-circulation water-tube 
design for use with a third fluid, as 


' shown, supplements the pot boiler. 


A straight-tube arrangement cuts 
annulus space between inner and 


outer tubes, lowering third-fluid in- 
ventory. The central downcomer 
pipe connects a steam-separating 
drum, located above the boiler, with 
the lowermost tube sheet. Steam- 
water mix generated in the tubes 
leaves through an annulus and enters 
the steam drum through standard 
cyclone steam separators mounted 
in the drum. 

Double tubes are expanded and 
welded into tube sheets, and lower 
sheets float to take care of differential 
expansions in double tubes. Inert 
gas fills upper part of the exchanger 
above the sodium to act as an insu- 
lating blanket and minimize tem- 
perature gradient across upper tube 
sheet as well as providing surge 
volume. 

Assembled unit consists of a bat- 
tery of four vertical steam generators 
and one vertical superheater sus- 
pended from an A frame. Sodium 
passes through a superheater and 
then on to parallel flow through 
steam generators. A single steam 
drum connects to all the steam 
generators. 
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What is the next step? Probably 
no sudden technological break- 
through, but rather a continued 
attack on the unknown areas of 
liquid-metal heat transfer, chemical 
reactions and corrosion problems. 
Practical operating units designed to 
withstand the severe thermal stresses 
of liquid-metal systems are now 
available and the bulk of overall 
steam-generator systems is continu- 
ally being trimmed. In_ general 
design, a point has been reached 
where a concentration should be 
made on the refining of several work- 
able systems in order to deliver 
optimum performance for minimum 
cost. As in conventional steam- 
generator design, much effort will go 
into newer and better basic designs 
at the same time that proved designs 
are refined. 


Looking ahead, it can be seen that 
the point where the liquid-metal- 
cooled power reactor is no longer a 
pure research project, but a power 
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source to be reckoned with has been 
reached. 

Evidence produced by develop- 
ment programme reassures designers 
that fairly large ruptures in single- 
wall tubes will not endanger operat- 
ing personnel. Single-wall design is 
based on assurance that all parts may 
be drained, vented and cleaned, and 
that no areas of stagnation exist on 
sodium or water sides. Inert-gas 
surge volume helps prevent damage 
by shock waves which might result 
from a leak. 

The design illustrates single-tube- 
wall once-through generator, design 
illustrated includes protection of 
containment-pressure shell from 
transient thermal shocks; pressure 
protection for shock-waves; ready 
access for inspection, cleaning and 
plugging; tube banks that can be 
removed from shell intact for inspec- 
tion or maintenance; thermally pro- 
tected tube joints in sodium; no 
welds in the sodium other than shop 
butt welds in tubes. Basic configura- 
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tion permits arranging surface to fit 
spiral-circulation and _heat-transfer 
requirements of once-through boilers. 


In the double-tube “ pot boiler” 
unit, new techniques bend double 
tubes in a single operation without 
resorting to low-melting-point metals 
but pose cleaning problems. Twin 
tube sheets are employed with indi- 
vidual thermal sleeves formed in the 
tube annuli. An air annulus is 
formed around each sodium tube 
where it passes through the inner 
tube sheet, to protect sheet from 
thermal gradients. 


Although the obvious economic 
advantages of single-wall designs 
have led to development of recircu- 
lated boilers and once-through units, 
efforts are continuing to improve 
double-wall designs like the pot 
boiler for applications where added 
safety of a monitoring fluid between 
liquid metal and water is considered 
necessary. For stationary units this 
added safeguard is less important. 


Dreadnought 


N our December, 1960 issue, it 

was stated that HMS Dread- 
nought was being built for the 
Admiralty by Rolls Royce and 
Associates, Ltd. Vickers, Ltd., state, 
however, that Dreadnought is being 
built for the Admiralty by Vickers- 
Armstrongs (Shipbuilders), Ltd., not 
by Rolls Royce and Associates, Ltd. 
The machinery is being procured by 
Rolls Royce and Associates, Ltd., 
from Westinghouse Electric Cor- 
poration and is being installed by 
Vickers-Armstrongs (Engineers) Ltd. 
Rolls Royce and Associates, Ltd., 
was formed as you say, from Rolls 
Royce, Ltd., Vickers, Ltd., and Foster 
Wheeler, Ltd., as a design company 
and not as a manufacturing company. 
They are charged with procuring the 
American machinery for Dread- 


nought and with the design and pro- 
curement of the machinery in the 
reactor compartment for the Royal 
Navy’s second nuclear submarine. 
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Research in N-Science 


The Third Annual Report of The 
National Institute for Research in 
Nuclear Science has now been pre- 
sented to the United Kingdom Atomic 
Energy Authority. An abstract of the 
most important sections in this report 
is given below. 


UCH of the work of the Insti- 

tute is carried out by the 
General Purpose, Physics, Visiting, 
Personnel, and Research Reactor 
Committees. During the last year the 
Physics Committee has been con- 
siderably enlarged and now serves 
not only the Institute but also the 
Department of Scientific and Indus- 
trial Research. 


Rutherford 

At the beginning of the year 
ownership of the site of Rutherford 
High Energy Laboratory was trans- 
ferred to the Institute. Of the two 
particle accelerators to be constructed 
at the laboratory the first, a 50 MeV 
proton linear accelerator, gave its 
first beam of protons in July, 1959, 
and was virtually complete by the 
end of the year. The second, the 
7,000 MeV proton synchrotron NIM- 
ROD is not due for completion until 
1962. Good progress has been made 
in developing the laboratory itself 
and several new buildings have been 
completed and old ones modified. 
These include several large well- 
equipped physics laboratories. 


Universities 


It has been agreed that the Insti- 
tute shall assume the responsibility 
for assisting universities in the 
design of their accelerators. At 
present the Institute is supporting 
activities at a number of universities, 
the most important being at Oxford, 
Manchester, and Imperial College, 
London. At Oxford University, a 
large 20 MeV electrostatic accelerator 
is proposed. It will consist of two 
stages, a horizontal tandem Van de 
Graaf accelerator preceded by a 
vertical single Van de Graaf acting as 
injector. It is chiefly for the latter 
that assistance has been requested. 


At Manchester a study is being made 
of factors involved in the production 
of intense beams of secondary par- 
ticles (mesons) required for many 
experiments. At Imperial College a 
new technique is being developed for 
detecting the tracks of nuclear par- 
ticles in a device known as a scintilla- 
tion chamber. A particle in the 
course of its passage through the 
special material contained in the 
chamber produces minute flashes of 
light or scintillations which if ampli- 
fied by appropriate optical and 
photo-electric devices, can be re- 
vealed as a visible image of the track 
of the particle. 


The Institute has continued to 
review requests for the provision of 
low-power reactors for teaching and 
research which have been made by 
certain universities. The Institute 
has also been responsible for sup- 
porting and co-ordinating university 
requests to use the high-powered 
research reactors at the Atomic 
Energy Research Establishment, Har- 
well. 


NIMROD 


Good progress has been main- 
tained with the construction of 
NIMROD and it is now possible to 
predict more accurately when it will 
be completed. It is thought that 
construction should be almost com- 
plete by July, 1962. The main 
buildings housing the accelerator 
were completed during the year. 
Emphasis has since been placed 
more on problems of manufacture 
and installation of the various items 
of plant comprising the machine. 
This is especially true of the injector. 


A major contract was placed dur- 
ing the year for the manufacture of 
the pole pieces, which are to be at- 
tached to the pole faces of the yoke 
to give the required “ shape ™ to the 
magnetic field. A considerable 
amount of design work has been 
carried out on these pole pieces, 
using both laboratory-scale and full- 
scale magnetic models. 


3rd ANNUAL REPORT 


Plans have been made for the 
installation of two large bubble 
chambers at the Rutherford Labora- 
tory for use with NIMROD. The 
first is a liquid hydrogen bubble 
chamber which will be housed in an 
annexe to the main experimental hall 
of NIMROD about 200 ft from the 
accelerator. The second bubble 
chamber will be used with heavier 
liquids than hydrogen and is known 
as the Heavy Liquid Bubble Chamber 
project. This chamber is comple- 
mentary to the hydrogen chamber. 
It will have a higher detection effi- 
ciency for events involving the emis- 
sion of electromagnetic radiations, 
e.g., the decay of neutral mesons. 


During the year an evaluation has 
been made of the future computing 
needs of the Institute once NIMROD 
comes into operation. Of particular 
concern is the need to be able to 
handle the considerable volume of 
data coming from the bubble cham- 
bers. It has been decided that the 
Rutherford Laboratory should have 
its own computer and an order has 
been placed for a Ferranti Orion 
computer, which should be delivered 
and ready for operation in time for 
the first operation of NIMROD in 
1962. 


Staff 


It has now been confirmed that 
the Institute shall have the responsi- 
bility of recruiting its own staff. 
Three nuclear physicists have already 
been directly recruited by the Insti- 
tute and have joined the resident 
nuclear physics team to carry out 
research on the Institute’s accelera- 
tors. Two of these physicists have 
been sent to the U.S.A. for about 
one year to gain experience on the 
large accelerators at Berkeley and 
Brookhaven. As a temporary ex- 
pedient it has been agreed with the 
AERE that staff required by the 
Institute will be recruited and 
employed in the first instance by the 
AEA but on the understanding that 
they would eventually be transferred 
to Institute employment. 
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INSTITUTION OF 
NUCLEAR ENGINEERS 


OUR new Members of Council 
were welcomed by the President 
at the November Council Meeting. 
They were Mr. H. J. Winch, Mr. 
J. C. Bradbury-Williams, Mr. H. E. 
Cooper and Mr. A. Wyatt. 
It was agreed that an early drive 
for increased membership should be 


put into effect. So far membership 
has grown up naturally with little 
effort on the part of members to 
encourage others to apply for 
membership. Dr. Paulsen reported 
that the work he was doing in connec- 
tion with teaching aids had resulted in 
a vast amount of material which 
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would keep the journal supplied for 
some time. Valuable co-operation 
was being experienced from all over 
the world. Mr. Pinkerton, the 
Secretary, stated that the character 
of the journal would be materially 
altered in the coming year. 


Thirty-four applications have been 
received for the Hundred Guineas 
Award. It was agreed that Dr. 
Grassam’s Paper (“* Nuclear Reactors 
in Universities”) should qualify for 
the special award. 


Birmingham Branch 


A Birmingham branch consisting 
of 16 members is to be formed. Mr. 
Spear suggested that the area con- 
cerned should be extended to include 
the Wolverhampton district. Mr. 
Spear agreed to send the Secretary a 
list of towns. 


A letter from Mr. Everett was read 
in which he offered his resignation as 
Junior Vice-President in view of 
pressure of other work and the fact 
that he has moved his headquarters 
from London. Mr. Everett’s resig- 
nation was reluctantly accepted. Mr. 
Watt, Vice-President, proposed that 
Mr. Coombe be appointed Junior 
Vice-President in place of Mr. 
Everett and this was unanimously 
approved by the Council in view of 
the valuable services Mr. Coombe 
has rendered to the Institution. Mr. 
Coombe has since accepted this 
proposal. 

The Secretary also pointed out 
that membership subscriptions were 
now due and he hoped that members 
would not delay in sending their 
renewals so that the Institution’s 
progress could continue. 
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THE INSTITUTION OF 


NUCLEAIR 


FIRST PAPER 


The meeting was opened by the President, Sir John Duncanson, who gave a brief 
survey of the Institution’s work during his first year of office. He first expressed regret 
at the sudden death of Professor Skinner who siarted right at the beginning and worked 
so hard in the very early stages of the Institution’s development. ‘* Our financial year 
ends on December 31st and a copy of the balance sheet will be posted to all members 
when this has been prepared, but I can say that we will finish our first year with some 
cash in hand.”’ 

Membership had grown steadily in numbers and was pressing on to the 1,000-strong 
mark. The target for 1961 was 2,000 members, but the standard was high and some 
200 applicants had been rejected in the course of the examination of their applications. 
The Institution hoped soon to become an examining body. 

After referring to the successful inaugural dinner, the President complimented the 
Council on its hard work. The legal work had fallen on Mr. Coombs in conjunction 
with the Institution’s solicitors. The teaching aids had been in the hands of Dr. Paulsen 
and would start to appear in the journal shortly. Before the end of the year members 
would receive the first year book, giving a complete record of the first year’s work. 

The President then called on Dr. Grassam to deliver his lecture. 


Written discussion on this paper is invited for publication. 


President’s 
Address 


Sir John Duncanson 


Nuclear Reactors 


in Universities 


by N. S. Grassam 


Dr. Grassam 


T is a pleasure and a privilege to 

be giving the first lecture spon- 
sored by the Institution. As has been 
stated in our Memorandum of 
Association, we intend to promote 
the intellectual welfare of our mem- 
bers by periodic meetings to read 
and discuss nuclear engineering prob- 
lems. In my opinion, it is most 
important for the success of this 
Institution that all our members 
should try to implement this by 
presenting papers as often as pos- 
sible. My lecture this afternoon, 
unworthy though it may be, is put for- 
ward with this aim very much in mind. 


It is now quite widely known that 
several universities in this country 
have made plans to have nuclear 
reactors. As with most building 
plans, the site must be approved and 
financial support for both the capital 
and recurrent expenditure must be 
provided, before they can be imple- 
mented. In these days the universities 
must look to the Government for 
this support. The schemes proposed 
undoubtedly merit very careful con- 
sideration and | propose this after- 
noon to try to survey the background 
against which they may be con- 
sidered. 


Nuclear Education 

The glamour of nuclear engineering 
has now faded. This is mainly 
because the price of nuclear power 
now seems likely to be higher than 
that of power obtained from conven- 
tional fuels, for a much longer period 
ahead than was at one time predicted. 
In spite of its present economic dis- 
advantage, nuclear power is here to 
stay, for in this country we have 
planned over the next few years a 
considerable research and develop- 
ment programme gas-cooled 
reactors. As research is not an end 
in itself, to consolidate this work we 
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have a steady building programme 
of one large nuclear power station 
each year. As coal supplies become 
uneconomic and insufficient to meet 
our electrical needs, this must be 
followed by a_ steady expanding 
reactor building programme. There 
will, for this reason, if for no other, 
be a constant need for those who can 
design, build and operate nuclear 
power plant. Where better can such 
people be taught than in our universi- 
ties and technical colleges? 


The specialist nuclear engineer is 
assisted by many branches of the 
engineering industry. To enable 
these industries to co-operate in 
design, it is most desirable that 
knowledge of the principles of nuclear 
science should be a normal qualifica- 
tion amongst technical staff. The 
educational programme provided by 
the universities and technical colleges 
will determine whether such staff are 
available. 


I feel very strongly that the funda- 
mentals of nuclear engineering should 
be included in undergraduate engin- 
eering courses. I have in fact been 
an active pioneer of such courses, 
yet by some I am judged to be a 
heretic. [I mention this specifically 
because there are those who maintain 
that nuclear engineering is only for 
post-graduate students. However, to 
return to my subject, my first point 
is that, whilst those taking introduc- 
tory courses should see reactors and 
have experience of nuclear radiation 
measuring techniques, nuclear reac- 
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Fig. 1.—Reactor Simulator 


tors are not necessary for such 
teaching. 


On a smaller scale, more detailed 
courses and experimental facilities 
must be provided for the teaching of 
nuclear specialists—that is for those 
who will actually design and super- 
vise the operation of reactors. Al- 
though courses of this kind were 
originally initiated by the Atomic 
Energy Authority and to some extent 
have been continued by them, the 
provision of such courses should 
now become primarily a task for the 
universities. In connection with such 
courses, certain branches of advanced 
studies, such as reactor kinetics, can 


be taught very realistically and 
thoroughly with the aid of a reactor 
simulator (see Fig. 1). I regard the 
simulator as an essential piece of 
instructional equipment for these 
courses. Experimental techniques 
peculiar to reactors are also an im- 
portant part of nuclear technology 
and should be taught. With a 
reactor, an almost unlimited number 
of suitable teaching experiments are 
available in all fields and, in addition, 
under supervision, the reactor could 
be operated for experimental pur- 
poses by senior students. Thus my 
second point is that advanced teaching 
courses could put a nuclear reactor 
to good use. 


University Research 


May | first of all explain that in 
British universities research and 
teaching are regarded as comple- 
mentary and of equal importance. 
There is, therefore, a great deal of 
independent research being actively 
pursued in these institutions by the 
staff and research students, and by 
research fellows and research assist- 
ants. If universities are to teach 
reactor physics and engineering effec- 
tively, the teaching must be comple- 
mented by research in this field. To 
do this, the necessary equipment 
must be provided and, in my opinion, 
a nuclear reactor comes into this 
category. Let me now try to justify 
this. 

Advanced studies in a given sub- 
ject inevitably approach the frontiers 
of knowledge and the uncertainties 
soon became apparent. Having 


Fig. 2.—Sub-critical assembly 
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reached this stage, the graduate stu- 
dent with initiative and ideas should 
have the opportunity of setting up 
his own experiments—in other words 
should have the opportunity to do 
research. 

It is said that such research stu- 
dents should go from the university 
to the Atomic Energy Authority 
reactors to do their experiments, and 
return to the university to write and 
think about the measurements they 
have made. In practice this is un- 
likely to be satisfactory. For in- 
stance, reactors are kept busy by 
professional workers and the odd 
young man with his comparatively 
small programme is quite likely to 
find himself squeezed out by a major 
experimental programme. This situa- 
tion might be overcome, but the 
main difficulty of temporary migra- 
tion can be likened to an argument 
which goes like this: London has 
many fine theatres, both large and 
small; it has first-class productions 
and all the best actors play there. 
Those living in the provinces should, 
therefore, go to London for their 
drama rather than set up and 
patronize local theatres with their 
less polished productions. A fallacy 
of this argument, I think, lies in 
human nature which, in practice, 
does not take much advantage of 
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Fig. 3.—University reactor installations in the U.S.A. 


attractions at a distance. In my own 
university we have had an example 
of this with our Pegasus computer. 
Neighbouring universities without 
computers have rarely made use of 
our facilities as was intended, yet the 
number of our own staff making use 
of it has increased to such an extent 
that night as well as day working is 
now involved. I believe the same 
situation would arise with nuclear 
reactors; that is, reactors on the 


Fig. 4.—Very low power Acrojet General Nucleonics Reactor 


university site would be fully used, 
whereas those sited miles away from 
the university would not be. 
Universities with reactors would 
conduct their own independent re- 
search programme and, in the pro- 
cess, would help and teach advanced 
engineering and science students. As 
far as the staff is concerned, a 
reactor on the site will ensure that 
they are in intimate touch with 
reactor problems. The standard of 
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Fig. 5.—TRIGA Reactor: View of core 


teaching and the contribution to 
research must be enhanced by such 
an arrangement. The informality of 
a university research group without 
the urgent need for an end-product, 
but with the cross-fertilization result- 
ing from the close proximity of 
many branches of science, provides 
just the right conditions for inde- 
pendent and unbiased thoughts to 
mature. Reactor technology would 
prosper in universities just as many 
other experimental sciences have 
done. 


Possible Fields 


Essentially a reactor provides a 
large source of neutrons. These 
neutrons may, for instance, be used 
to investigate the physics of nuclear 
fuel arrangements, or they may be 
used to irradiate samples. Many 
avenues of research quite suitable 
for comparatively low power reactors 
undoubtedly exist. To give just a 
few examples:—The behaviour and 
effects of neutrons in very low tem- 
peratures is a very promising line of 
research of particular interest to 
physicists. In chemistry and medicine 
activation analysis offers a good field 
for research. Radiation shielding is 
still more of an art than a science 
and much work remains to be done 
on this—an engineering problem. 
Biologists could use very short-lived 
isotopes, and there are many other 
possibilities in all these fields. The 
mention of isotopes reminds me that 
the universities would not be setting 
up in opposition to the Radio- 
Chemical Centre at Amersham. The 
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longer-lived isotopes would, as now, 


normally be obtained from there— 
it would be cheaper and more con- 
venient to do so. 


No doubt nuclear research pro- 
grammes would develop in different 
ways at the various universities, but 
I would expect that each would be 
represented on a co-ordinating com- 
mittee whose function would be to 
avoid unnecessary duplication of 
research. 


In my view the case for university 
reactors rests primarily on_ their 
research potential—the researches 
being independent of the Atomic 
Energy Authority policy. Secondly, 
the case rests on the opportunity 
provided for teaching advanced stu- 
dents experimental techniques used 
on reactors. 


Engineering Education 

General nuclear engineering edu- 
cation started effectively after the 
Geneva Conference of 1955, when 
international courses were started at 
the Argonne National Laboratories 
in the United States of America, and 
at Harwell in England. Since then 
courses of various kinds have been 
given in a number of British uni- 
versities and technical colleges, but 
generally these have not been sup- 
ported by good laboratory facilities. 
I am not aware of developments in 
Russia, but I have some knowledge 
of nuclear engineering education in 
the United States. I intend therefore 
to refer almost entirely to conditions 
there. 


Having been responsible for most 
of the early history of nuclear power, 
the Americans have followed up 
with by far the greatest world effort 
in nuclear research. To back this up 
the U.S. Atomic Energy Commission 
have supported both financially and 
with essential equipment and ma- 
terials, a nuclear education pro- 
gramme. The programme has 
encouraged universities to set up 
nuclear engineering departments by 
making available to them neutron 
sources and uranium fuel elements 
virtually free of cost. I emphasize 
the words “free of cost”? because 
cost is one of the stumbling blocks 
to British universities and technical 
colleges in the setting up of reactor 
physics and engineering laboratories. 
It may surprise you to know that 
the United Kingdom Atomic Energy 
Authority will hire natural uranium 
fuel elements to British universities— 
after very careful consideration—at 
about £600/ton/annum. There is, of 
course, also an initial fabrication 
charge of £600/ton. This fuel is 
wanted for sub-critical assemblies of 
natural uranium which form a valu- 
able facility for teaching reactor 
physics (see Fig. 2). Several tons of 
uranium will be required for an 
assembly, and a suitable neutron 
source to actuate it will cost about 
£200/annum. Having bought or 
made the structure of the assembly 
for several thousand pounds we need 
roughly £2,000 down-payment to 
have the fuel. and then £2,000/year 


Fig. 6.—TRIGA II Reactor: General 
outside view 
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rental just for this one facility. To 
my industrial friends these sums of 
money may seem trivial, but to edu- 
cational establishments they are quite 
impossible without special grants 
which with very few exceptions have 
not as yet been forthcoming. Ameri- 
can universities have made good use 
of the “ free fuel offer,” and water- 
moderated sub-critical assemblies, 
and often graphite assemblies as 
well, are to be found in nearly ail 
nuclear teaching departments. As a 
result of this widespread availability 
of nuclear teaching installations, the 
average American engineer has learnt 
to live with nuclear radiation and to 
appreciate its potentialities and 
limitations far more than we have in 
this country. 

Early this year I was fortunate to 
have the opportunity of visiting some 
nine universities in the United States 
to see for myself the provisions made 
for nuclear education. Most of these 


institutions had nuclear reactors or — 


were in process of installing one. 

A map showing the position of 
university reactors in the United 
States is shown in Fig. 3. There are 
in fact about 40 university reactors 
spread over the United States. 

I propose now to deal with the 
various aspects of university reactors. 


University Reactors 

A large proportion of the American 
university reactors are of low power. 
A number of universities have a 
reactor made by the firm of Aerojet- 
General Nucleonics, which develops 
about !/,,w (see Fig. 4). This reactor 
has a small homogeneous core, con- 
sisting of uranium oxide particles in 


Fig. 8.—ARGONAUT Reactor: View 
of fuel elements 
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Fig. 7—ARGONAUT Reactor: General outside view 


polythene, which is surrounded by 
lead and is immersed in a large tank 
of water for shielding. Control is by 
moving fuel in or out of the bottom 
of the core. This reactor is suitable 
for student operation and can be 
used to drive a sub-critical assembly 
placed on the top of the reactor. 
The maximum thermal neutron flux, 
however, is only about 5x 10® neu- 
trons/sq.cm/sec, which most people, 
including many owners, agree is too 
low to be of much value for research. 
Teaching reactors such as this are 
useful mainly for demonstration 
experiments. In my opinion a neu- 
tron source and a sub-critical as- 
sembly, together with a _ reactor 
simulator, would be almost as valu- 
able and much cheaper than such 
low-power reactors. I do not believe 
that in this country we could justify 
installing even this kind of reactor 
simply for teaching purposes. 


The main types of reactor at 
present being installed in the uni- 
versities are in the power range 10 to 
100 kW; these give a neutron flux 
of about 101! to neutrons/sq.cm/ 
sec respectively. With this flux much 
useful research can be done, and it 
is this power range that British 
universities are considering in their 
present plans. 


Two distinct types of reactor are 
commercially available in the United 
States—the TRIGA reactor and the 
ARGONAUT type of reactor are 
typical. The TRIGA reactor has 
fuel rods of about 1.4 in. diameter 
arranged to form a cylindrical core 
about 14 in. diameter 14 in. high. 
The rods are suspended in a tank of 


water which is about 6 ft 6 in. dia- 
meter < 21 ft deep (Fig. 5). This 
core requires a critical mass of about 
2 kg of U-235. The top shield is of 
water so that the core is visible even 
when the reactor is operating. The 
outstanding feature of this reactcr is 
the fuel which is a homogeneous 
solid of U-235 in zirconium hydride. 
This gives a large and very prempt 
negative temperature coefficient 
which automatically limits the reactor 
power to a safe level in the event of 
an excursion. Thws irrespective cf 
other safety devices operating, as for 
example the insertion of neutron 
absorbing rods, no serious mishap to 
the reactor, such as fuel elements 
melting, would occur (Fig. 6). 


Other types of reactor are based on 
the ARGONAUT design which has 
plate type fuel elements. These may 
be arranged to form an annulus 
about 6in. wide around a central 
core of graphite which is of diameter 
2 ft (see Figs. 7 and 8). Another form 
of this reactor has the fuel elements 
arranged as two slabs, separated by 
about 18 in. of graphite. The mod- 
eration and cooling is by water 
which flows between the plates. 
There is a graphite reflector and the 
top shielding is by lead and concrete. 
The outstanding feature of this 
reactor is the core arrangement, 
which allows the top as well as the 
four sides of the reactor to be used 
for experiments, and in addition 
provides for an unusually large cen- 
tral “ glory hole” in the middle of 
the core. The dispersed arrangement 
of the fuel plates is paid for by a 
considerably higher critical mass 
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which amounts in this case to about 
4 kg of U-235 (cf. 2 kg for TRIGA). 
From a safety point of view inefficient 
fuel arrays such as this are a risk as, 
by rearrangement of the fuel, a more 
reactive core may be _ produced. 
Nuclear licensing authorities nor- 
mally exercise control over installa- 
tions by limiting the excess reactivity 
available. This can be made an 
absolute control with efficient fuel 
arrays simply by limiting the amount 
of fuel supplied. With inefficient 
arrays, the reactor operator may be 
forbidden to alter the array, but 
there remains the possibility of 
misuse. 


Reactor Power 


At powers above about 200 to 300 
eee kW, complete containment of the 
cote reactor becomes desirable due to the 

high fission product inventory. This 
increases substantially the cost of the 
building for the reactor. 


Higher powers open up more fields 
of research—for example, an attrac- 
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tive subject to engineers is that of 
the irradiation damage of materials. 
For metals this requires fluxes of the 
order of 10!* to 10'4 to produce gross 
damage in a reasonable irradiation 
time. There are a few university 
reactors of about | MW power in 


| 


Fig. 9 Site of reactor (Burlington laboratory) at North Carolina State College 


the United States, as for example the 
reactor at the Massachusetts Institute 
of Technology—and with such reac- 
tors good research is undoubtedly 
being done. Nevertheless I feel that 
the high cost of such reactors makes 
it essential to have very high and 
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These reactors 


efficient utilization. 
really belong to the research insti- 
tutes which are not concerned with 
teaching in any shape or form. 


A reactor in the MW power range 
should be available to British uni- 
versities at a centrally located re- 
search institute, but I visualize that 
this would be used by senior research 
fellows who have obtained reactor 
experience on the lower power 
university reactor and have found a 
real need for the higher flux. The 
MERLIN reactor operated by the 
AEI at Aldermaston would be very 
suitable for this purpose. 


As a postscript to the reactor 
power question, let me draw your 
attention to this. A conference on 
university reactors was held last 
August at Gatlinburg, Tennessee. 
At this conference university research 
programmes carried out at various 
flux levels from 108 to 10! were des- 
cribed and, as the closing speaker 
pointed out, the projects mentioned 
were of sufficient calibre and scope 
to belie the statement that only the 
national laboratories can do good 
high level research. 


I subscribe to the view that it is 
not the power of the reactor which 
determines the quality and value of 
the research, but the enthusiasm and 
ability of the staff operating it. 


Reactor Siting 


The first point I would like to 
make on siting is that in every estab- 
lishment visited the reactor was on 
the main university site. Reactors 
with powers up to 10 kW were sited 
in just the same way as a normal 
laboratory would be; that is in the 
general building complex with the 
outside walls forming the security 
boundary (see Fig. 9). l00kW 
reactors were sometimes placed in 
slightly more remote parts of the 
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Fig. 11.—Pennsyl- 
vania State Uni- 
versity reactor 


campus, but in one case, the Univer- 
sity of Illinois, dwelling houses were 
within 50yd of the reactor (see 
Fig. 10). 

It is worth while reminding you 
that it should now be possible in this 
country to have low power reactors 
near our universities. This follows 
from the fact that the Minister of 
Power announced only last month 
that the Nuclear Safety Advisory 
Committee had advised him that so 
long as the site, housing, design and 
operation of low power research 
reactors in the range 10 to 100 kW 
satisfy certain basic conditions, they 
may safely be permitted in built-up 
areas. I was very glad to hear this, 
and I am sure Professor Murgatroyd 
of Queen Mary College, London, was 
also. 


Reactor Buildings 


A reactor installation requires a 
reactor hall and, associated with it, 
radiochemical laboratories and work- 
shops. Especially is there need for 
an electronics workshop in which 
equipment for experiments is made 
and repaired. To attempt to econo- 
mize by inadequate provision of 
laboratories and workshops is obvi- 
ously a mistake. For instance, at 
Pennsylvania State University, which 
has operated a 100 kW swimming 
pool reactor for several years, short- 
comings in this direction have now 
to be rectified by new extensions (see 
Fig. 11). A possible layout for a 
reactor facility is shown in the plan 
of the North Carolina State Univer- 
sity Reactor Laboratory (see Fig. 12). 


Staff 


From my observations in the 
United States I would expect a uni- 
versity reactor facility to be organized 
by a Director, who is a senior mem- 
ber of the academic staff of the 
nuclear engineering department. Pro- 


cedures to be followed in research 
experiments on the reactor would be 
authorized by a small committee 
composed of persons of maturity 
and experience in the disciplines 
important to reactor safety under 
the chairmanship of the Head of the 
Nuclear Engineering Department. 
The normal control monitoring and 
operating of the reactor would be 
under the supervisicn of technicians 
with a professionally qualified mem- 
ber of staff on duty in the building. 
It is most important that a detailed 
operating manual should be prepared 
so that the operating staff have their 
duties clearly defined ard that the 
chain of command is quite clear. 


The detailed staffing would, of 
course, depend on the utilization of 
the reactor, but I would expect the 
minimum full-time professionally 
qualified reactor staff to consist of 
the Director and his assistant, and 
the Health Physicist. Also that there 
would be at technician level a staff of 
a Supervisor (with academic training 
of about Higher National Certificate 
standard), and four technicians; of 
these, two would be _ electronics 
technicians and two general me- 
chanical engineering technicians. 
These men would be trained as 
reactor operators. 


A method of obtaining relief 
operators, which apparently is very 
satisfactory, is to employ senior 
research students. Payment for this 
can form a useful and welcome addi- 
tion to student grants. 


Health Arrangements 
Radiological safety should be the 
responsibility of a Health Physicist 
who is independent of the Reactor 
Operations staff and reports directly 
to the Radiation Safety Committee. 
The exposure of operating staff to 
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Fig. 12.—Reactor building at the North 
Carolina State College 
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radiation would be monitored with a 
weekly film badge system supple- 
mented by a monthly blood count. 
Pocket ionization chambers might 
also be carried. Casual visitors 
would normally sign a log book on 
entering the reactor hall and be 
issued with a _ pocket ionization 
chamber if it was considered neces- 
sary. 

At this point I must say that, on 
the health and safety side, the British 
universities would need to be par- 
ticularly strict, for it is fair to say 
that in general university research 
workers tend to improvise apparatus 
—due to enthusiasm and anxiety to 
avoid delay as well as to shortage of 
money. With a reactor, this could 
be at the expense of safety. 


Reactor Utilization 

To utilize a nuclear reactor for 
times even approaching 40 hr/week, 
requires a very large number of 
users. At Pennsylvania State Uni- 
versity, with the large 100 kW swim- 
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Fig. 13.—Sectional view of TRIGA II 


ming pool reactor, a figure of the 
order of 75 persons potentially using 
the facility was mentioned to me, and 
there were some 35 experimental 
projects currently under way. With 
a few industrial firms using the 
reactor as well, the programme had 
just become sufficient to require two- 
shift operation. 

The university with the greatest 
experience of nuclear reactors used 
primarily for teaching purposes is 
North Carolina State College. This 
college had the first non-Atomic 
Energy Commission reactor to be 
operated by a university and has 
been using it on and off since 1953. 
They have found that the pressure of 
providing teaching experiments on 
the reactor for the 300 to 400 nuclear 
engineering and physics students 
who have passed through the depart- 
ment, has been so great that little 
research time was available. To 
overcome this a second reactor, a 
10 kW tank-type reactor, has been 
installed this year. The utilization 


expected is—teaching and courses 
18 per cent., calibration and main- 
tenance 27 per cent., sponsored 
research 12 per cent., unsponsored 
research 43 per cent. 

This would be the sort of utiliza- 
tion I would expect on British 
university reactors. 

Normal reactor operation hours 
are 8 a.m. to 5 p.m. five days a week. 
Saturday mornings or one day/fort- 
night may be used for maintenance. 

I emphasize again that it was very 
apparent that it is difficult in a 
university to keep a nuclear reactor 
fully occupied. In my opinion the 
best way to ensure good utilization 
is for universities to make the reactor 
readily available to all its science and 
engineering departments and to pro- 
vide a service to local industry and 
hospitals. I feel very strongly that 
to encourage this, university reactors 
should be on or very near to the 
university campus. A reactor placed 
at an outstation of a university will, 
in practice, only be used by those 
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Fig. 14.—Part sectional view of Jason reactor. Key:—1 Main concrete 
shielding blocks; 2 Top shield; 3 Top shield box with removable plugs; 
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4 Removable stringers; 5 Internal thermal column; 6 External thermal <<>> < 


column; 7 Thermal column shield; 8 Removable stringers; 9 Reflector; ~ 
12 Fuel boxes; 
15 Control rod mechanism; 


10Innertank; 11 Outer tank; 


14 Sparger assembly; 


13 Fuel box support; 
16 Dump and 


inlet pipe; 17 Shield test tank; 18 Steel structure; 19 Source drive; 20 Return pipe; 21 Gamma monitor; 22 lon chamber holes; 23 Timber 


supports for shield blocks ; 


24 Overhead travelling crane; 


25 Control console; 


26 Fuel and source handling coffin; 


27 Fuel storage pits; 


28 Concrete plug; 29 Horizontal plug and foil holder; 30 Heat exchanger; 31 Dump valve; 32 Dump tank; 33 lonexchange unit; 34 Rotameter 


immediately concerned with the de- 
partment supervising the reactor. 
This is not the way to encourage the 
departmental co-operation and par- 
ticipation which I believe to be 
essential to good utilization. 

The principal research users of 
the university reactors seen were the 
biologists and chemists. Engineers 
and physicists were not as yet very 
active, probably due to the more 
complicated apparatus they require 
and the considerable time that it 
takes to prepare. However, at the 
present time in judging the output of 
research work from the American 
university reactors, one must bear in 
mind that although there are about 
30 university reactors now operating, 
all except a mere handful of these 
have only been operating for one to 
two years or less. It does take a 
considerable time after the initial 
start-up of a reactor before research 
programmes build up, and periods 
of a year or more may elapse before 
the reactor gets busy. During this 
time all the calibration and familiar- 
ization experiments must be carried 
out, and relief operators trained. 


U.S. Programme 

Over the last five years the United 
States Atomic Energy Commission 
has been very generous in providing 


funds for university teaching reactors, 
and there are now about 30 such 
reactors, many of which are of 
powers of the order of a few watts. 
Within the last few months, however, 
the Commission has decided not to 
finance any more teaching reactors. 
That is the first point. 

This supports my view that the 
very low power reactor is scarcely 
worth while and, as far as the United 
States is concerned, those already 
installed provide adequate educa- 
tional coverage for the country. 

The second point is that, for the 
present the National Science Founda- 
tion does not intend to finance any 
more reactors in the 10 to 100 kW 
power range. There are about a 
dozen reactors in this class built, or 
being built, mainly for research pur- 
poses. However, as few of these 
reactors have reached their full 
potential because they are still in the 
working-up stage, this decision to 
consolidate is probably very wise. 

The third point is that higher 
powered reactors are not being dis- 
couraged. These are sobering 
thoughts. 


Prospects in U.K. 

Two extreme policies could be put 
into operation. We could take heed 
of those who say that the ideal reac- 


tor for universities is one which has 
zero power and is of zero size. This 
would eliminate the safety problem, 
but it would also virtually eliminate 
independent research work on reactor 
problems. Also, advanced teaching 
outside the Atomic Energy Authority 
would almost inevitably become 
rather academic. Perhaps the 
UKAEA through its Reactor School 
at Harwell, should do all the teaching. 
I will not develop this idea further, 
but merely say that the universities 
are traditionally places of learning 
and research, and presumably their 
staff have the experience and interest 
in teaching and pure research which 
makes them best suited to provide 
this service. I believe that the time 
is rapidly coming for the Harwell 
Reactor School to concentrate en- 
tirely on providing the short special- 
ized courses for which it is admirably 
suited. 

The other extreme measure to take 
would be to allow reactors to spring 
up like mushrooms in all our uni- 
versities so that the possession of a 
reactor became principally a matter 
of prestige. This would be ridiculous 
from many points of view. 

A reasonable compromise between 
these two extremes would, I think, 
be profitable. It is important that 
this country provides for first-class 
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Fig. 15.—Part sectional view of UTR 


teaching and research in pure and 
applied science. In this the universi- 
ties certainly have an important part 
to play, and they can also affect the 
recruitment of scientific staff for 
government research establishments. 
A steady supply of well-taught and 
research-minded nuclear engineers 
will result if some of our universities 
are given the chance to practise 
what they preach in reactor physics 
and engineering. 

The Government has in effect 
reduced its expenditure on nuclear 
power stations by the slowing down 
of the programme. It is reasonable 
to suppose that a little more money 
should be spent on preparations for 
the future by providing reactors for 
research and teaching in a few of our 
universities. 

The cost of a suitable reactor and 
its fuel is about £100,000, and that 
of a modest building associated with 
it is about £150,000. The figure for 
the building cost may seem high, but 
in addition to housing the reactor 
and its associated workshops, it 
provides accommodation which 
would be necessary with or without 
a reactor, such as radiochemical 
laboratories and accommodation for 
scientific staff. 


Reactor Choice 

In choosing a reactor a reasonable 
compromise must be made between 
neutron flux, cost and safety. The 
magnitude of the maximum flux 
affects its research potential and, 
although some would say the higher 


28 


the flux the better, a maximum flux 
of 10! to 10!* appears to cover most 
university requirements. The cost 
of the installation must be related to 
its value to science in general and to 
this country in particular. As regards 
safety it is desirable that the safety 
of a reactor is inherent in its design— 
that is, for instance, that power ex- 
cursions are self-quenching. Both 
heterogeneous water-moderated sys- 
tems, and more especially, solid 
homogeneous systems, do this. 

The task of designing and pro- 
viding a new reactor is great— indeed, 
it is usually estimated at several 
hundred professional man-years. In- 
dustrial firms in the United States 
have developed several good reactors 
designed specifically for research and 
teaching. To most British firms with 
the very limited university market in 
mind, it scarcely seems worth while 
to start from scratch to make a 
basically new reactor design. As a 
result British universities have, in 
the first place, the reactors TRIGA 
and JASON, both American designs, 
being offered by the British firms of 
Vickers-Armstrongs (S. Marston), 
Ltd.. and the Hawker-Siddeley Nu- 
clear Power Co., Ltd. respectively 
(see Figs. 13 and 14). The American 
Ideal Standard Co. is offering a 
reactor called the UTR (University 
Training Reactor) (see Fig. 15). This, 
like JASON, is based on the Ameri- 
can ARGONAUT reactor. One 
British design is, however, available; 
it is offered by the General Electric 
Company and was designed in col- 


laboration with Professor Kay of 
Imperial College. This reactor, called 
the CONSORT, like TRIGA, is 
essentially a pool type (see Fig. 16). 
There are then at the moment four 
makes to choose from, and all are 
obtainable with powers up to 100 kW. 


All these reactors except TRIGA 
use the well-known MTR/DIDO 
plate type element which can be ob- 
tained either from the UKAEA or 
from the USAEC. As the hire charge 
for the American fuel (about 250 kg/ 
annum of U-235) is about one-third 
of that for British fuel, all manu- 
facturers suggest getting it from the 
United States. TRIGA fuel, which 
is a solid homogeneous mixture of 
uranium in zirconium hydride, is 
only available from the United 
States, and has a similar hire charge 
per kg of U-235, the plate fuel. 
However, at the power levels and 
operational time envisaged, the fuel 
should have a life at least equal to 
the life of the reactor—that is, for 
accounting purposes, 20 years. 

The detailed research facilities, 
such as the number and position of 
beam tubes and thermal columns, 
can generally be provided to suit the 
customer. Also for instance, one 
might like to have part of the shield- 
ing in the form of concrete blocks so 
that minor alterations in the research 
facilities could be made easily if 
desired. This could be incorporated. 

The choice of a reactor in the 10 
to 100 kW range is largely a matter 
of the individual requirements of the 
universities, but I would expect the 
design chosen to be capable of 
serving a wide range of users, and to 
allow for the probability that present 
interests will change within the life- 
time of the reactor. Finally, the 
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Engineering for 


CCELERATORS for charged 

particles are no longer to be 
seen only in physics laboratories of 
universities and the larger electrical 
firms. These powerful tools of science 
now find many applications in nuclear 
science, industrial radiography, X-ray 
therapy, and the production of 
electron beams for chemical pro- 
cessing and the sterilization of food- 
stuffs, drugs and other materials. 
The design, construction and instal- 
lation of particle accelerators are now 
highly specialized activities, and form 


a field in which a great deal of © 


important research and development 
work are constantly going on. 


Van de Graaf 


One of the most efficient and 
ingenious types of accelerator, the 
Van de Graaf machine, is now so 
much a “household” word in 
scientific circles that the very name 
can often be misspelled without 
causing the raising of an eyebrow. 
Robert J. Van de Graaf, the inventor 
of this device, is a pioneer in the 
field of electrostatic accelerators, 
and chief physicist of the American 
firm, High Voltage Engineering Corp- 
oration, of Burlington, Massachu- 
setts. 

In 1932. Van de Graaf began 
work on a machine in an old dirig- 
ible hangar near Round Hill, Mass., 
and shortly afterwards had built a 
machine producing 5.4m volts, a 
figure which remained unsurpassed 
until the end of World War II. The 
Corporation was the first to design 
and build Van de Graaf particle 
accelerators for commercial use. 

Established in 1946, this firm has 
become one of the world leaders in 
the production of precision nuclear 
radiation machines, and over 250 of 
their accelerators are in operation 
throughout the world. Work was 
started in a converted garage in 
Cambridge, Mass., but now the firm 
has a magnificent modern building 
in Burlington where unexcelled facili- 


particle launching 
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ties for production, testing and 
development ensure the maintenance 
of the highest engineering standards 
and the future growth of this 
highly specialized industry. High 
Voltage received in 1947 orders for 
several 2 MV accelerators for therapy 
and science. Just 10 years later, the 
company acquired the controlling 
interests in Electronizer Chemicals 
Corporation, which is operating a 
radiation processing facility on con- 
tract to High Voltage. In 1959. 
High Voltage Engineering Europe 
NV _ was established in Europe for 
manufacturing particle accelerators, 
while in the same year, in collabora- 
tion with the B. F. Goodrich 
Company, a subsidiary, the Goodrich- 
High Voltage Astronautics, Incor- 
porated, was formed for the pioneer- 
ing of ion rocket engines for space 
travel. 

What is the story behind this 
specialized industry, and the romance 
of the link-up of nuclear power and 
journeys into space? 


The accelerator 


The ability to produce potentials 
of some millions of volts, and the 
generation of powerful but fully 
controllable beams of electrons or 
positive ions, and thence, of X-rays 
or neutrons, made the Van de Graaf 
a unique tool for nuclear research, 
medical therapy and industrial ap- 
plications. The Van de Graaf is the 
most precise, versatile and widely- 
used tool for producing nuclear 
phenomena, being able to produce 
charged beams with homogeneous 
energy to within a few parts in 
100,000. This type of accelerator 
is produced in a wide range of 
designs, from a 400 kV_ neutron 
source for reactor research, to the 
12 MeV Tandem machine used for 
research on the binding energies of 
heavy nuclei. The Van de Graaf 
can be used as an injector for very 
high energy orbital accelerators, port- 
able supervoltage X-ray generators, 


and minute neutron sources for 
lowering into oil well drillings for 
the logging of strata below ground 
level. There are in course of de- 
velopment machines up to 100 kW 
power, to deliver 15-25 ma at 1.5 
MeV, and based on the high-current 
electrostatic multiple-disc concept, 
such as is being developed for space 
vehicles. 

To underline the highly special- 
ized nature of this industry, it is 
necessary only to mention that it 
involves the design and construction 
of circuits and sources for pulsed 
generators, nuclear targets for mono- 
energetic neutrons and X-rays, elec- 
tronic monitors and control systems 
for radiation dosimetry, magnet 
systems for beam deflection and 
instruments for the spectra recording 
of scattered particles for nuclear 
reactions. 


Charge spraying 

The Van de Graaf generator is 
based on the spraying of charge, 
delivered from a 50-100 kV power 
pack, by a “comb” or series of 
spray points, on to a moving belt. 
The latter carries the charge to a 
dome inside which there is a further 
comb for collecting the charge. 
which is gradually accumulated to a 
very high voltage in the dome. 
Inside the same dome can be sited 
the ion source, which will inject into 
the accelerating tube the ions which 
will then travel under the action of 
the high potential between the dome 
and the ground. 

This type of generator can produce 
virtually any type of accelerated 
particle, including electrons, protons, 
deuterons, tritons and singly-charged 
helium ions. By the use of special 
targets, these particles can give rise 
to nuclear reactions from which are 
liberated X-rays or even neutrons. 
The neutrons, furthermore, can be 
monoenergetic over an extensive 
energy range. The particle beam, 
intense but very stable and of known 
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energy, can be directed at will, 
making the machine invaluable for 
the delicate work of nuclear research. 
The new 10 MeV Tandem Van de 
Graaf machine is a_ significant 
advance for fundamental physics 
research, of special value for the 
study of binding energies of heavy 
nuclei, with an accuracy and efficiency 
never before attained. The first 
installation of this type was at the 
Chalk River site of Atomic Energy of 
Canada, Ltd. 


The very rigid specifications of 
modern engineering practice neces- 
sitated the detection of the minutest 
hidden flaws, and the non-destruc- 
tive testing of opaque materials has 
become a highly-developed and 
specialized field of techniques. Super- 
voltage equipment provides X-rays 
which will penetrate steel forgings, 
castings, welded components, etc., 
up to 10 in. thickness. High Voltage 
Van de Graaf generators are avail- 
able in special designs to offer a new 
standard of precision and reliability, 
and producing superior radiographs 
by virtue of constant potential, 
fine focal spot, and _ positioning 
flexibility. 


Linear accelerators 


Particularly interesting are the 
microwave linear accelerators, a type 
of device pioneered and brought to a 
highly advanced stage by High 
Voltage Engineering. To meet the 
need for increased radiation, High 
Voltage pioneered the development 
of this new type of machine, the 
Linac, which produces a powerful 
electron beam by use of very short 
wavelength power of radio frequency. 
Linac was the first commercial 
microwave linear electron accelerator 
and was built for the Argonne 
Cancer Research Hospital, Uni- 
versity of Chicago. Producing up to 
50 MeV of radiation, it is used for 
studying the beneficial applications 
of electron therapy. 

For full-scale production, a 5 MeV 
Linac was introduced, used for the 
mass-sterilization of surgical sutures. 
A 6MeV Linac, used for X-ray 
generation, provided a powerful new 
weapon in the constant struggle 
against malignant disease. Further 
versions have been produced for 
chemical research and for production 
of neutrons and isotopes, and also 
include compact and flexible units 
for industrial radiography of thick 
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metal specimens. In the recently- 
introduced Amplitron-powered 
Linac, characterized by simplicity, 
economy and efficiency in operation 
S-band power tubes are used, while 
L-band tubes are empolyed for high 
power research units. 


BeV range 

The corporation anticipates the 
early development of microwave 
accelerators with ratings in the BeV 
range, and average power ratings of 
about 100 kW, well beyond those at 
present available. New brazing tech- 
niques have made possible the mass- 
production of wave-guides of extreme 
precision. A mechanical analogue 
computer is used for designing 
electron linac bunching sections and 
solving axial equations of electron 
motion during the bunching. 

Precision instrumentation has 
made possible the accurate measure- 
ment of frequency, attenuation, phase 
shift and r.f. power in Linac work. 
Among special components de- 
veloped for the Linac are high power 
pulse generator units, with ratings 
up to 500 kV and power ratings up to 
100 MW, while line type and hard- 
tube modulators and pulse ampli- 
tude stabilizers are being developed. 
The ‘“ modular” system allows un- 
paralleled design flexibility, and based 
on either power-efficient or energy- 
efficient units, power packages up to 
30 kW and energies up to 100 MeV 
are possible. Acceleration wave- 
guide sections combined with the 
microwave unit into a series has 
made possible the meeting of in- 
dividual performance requirements 
with great efficiency. 


New techniques 

Limitations on the power obtain- 
able from conventional Van de Graaf 
and microwave sources have made 
economically necessary the develop- 
ment of high-powered electron 
accelerators based on new types of 
intense radiation sources and new 
techniques for beam __ utilization. 
Electromagnetic principles have 
proved extremely promising, and 
several radically new designs have 
been introduced. One of these is 
the insulating core transformer, 
evolved from conventional trans- 
former methods. Unlike the latter, 
the insulating core transformer sys- 
tem uses a segmented magnetic core 
with insulation between successive 
core segments. 


Electrical and magnetic fields being 
in the same direction, there are new 
freedoms in the design of very high 
voltage transformers, making pos- 
sible high voltages built up in the 
secondary winding of each segment 
without the need for insulation 
between winding and core. A 1 MV, 
25 kW electron accelerator based on 
this idea has been successfully tested. 
Each core segment, together with 
windings and rectifiers, form a d.c.- 
power supply delivering 40ma at 
30kV. Series capacitance between 
segments adds the voltages, and 
power conversion is 90 per cent. 
efficient. Present indications are that 
this concept will be limited to about 
1 MW. 


Magnaline accelerator 


Another interesting project is the 
Magnaline or transmission line ac- 
celerator, a simple concept for 
obtaining beam currents of over 
20ma at 0.5-2.0MeV. With a 
long, open-ended cable suspended 
at a fixed height above ground, and 
fed from an a.c. generator, it should 
be possible to adjust cable length 
and source frequency so that reson- 
ance results, a voltage being propa- 
gated along the line. In a device 
based on this principle, the “lumped” 
induction into the cable shortens the 
resonance length, and losses are 
confined by core material. Intense 
beam currents are possible by use 
of optimum frequencies, with little 
magnetic loss. 


Mention has already been made of 
the need for well-designed sources 
of continuous or pulsed positive ions. 
Radio-frequency sources are used 
with Van de Graaf accelerators at 
lower energies, and can produce ion 
beams from a small fraction of a 
micro-amp up to several hundred 
micro-amps, the beam being finely 
focused with very little energy spread. 
Such sources are very effective for 
beams of protons, deuterons, tritons 
and singly-charged helium ions. 

For the 12 MeV Tandem Van de 
Graaf generator, in which positive 
ions are neutralized and launched 
along a path of 60 ft in vacuo, the 
very powerful duoplasmatron source 
was developed. This can produce 
beams up to 200 ma of protons or 
180 ma of mercury ions, with 85 
per cent. efficiency, the ions being 
emitted as small, well-focused beams 
highly intense, and requiring only 
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simple electrostatic or magnetic 
optical systems. The source may be 
pulsed, giving bursts as short as 
0.01 microsec., though even shorter 
pulses are being developed. Use 
is made of a special magnetic field to 
constrict the plasma of a gaseous 
element at the extraction electrode. 


Beam pulsing 

Pulsing of beams makes possible 
intensities far greater than can be 
realized with continuous beams. 
High Voltage ion sources and mag- 
netic optics can produce pulsing 
of accelerators from | millisec down 
to a few millimicrosecs, and with 
beam intensities of several amps of 
electrons to 100 ma of positive ions. 
This makes possible X-ray beams of 
hundreds of rads/pulse, or millions 
of rads/min a few cm from the source, 
and over 10"! neutrons/burst, or 10" 
neutrons/sec from a point source. 


It is possible, furthermore, to 


produce pulses of 10 millimicrosec - 


at 1 megacycle rate, to accelerate 
this beam, and to deflect it across 
the face of a compression magnet so 
that the leading edge of the pulse 
is deflected in a longer path than the 
trailing edge. The beam is in this 
way compressed into very short 
lengths. 


Three-stage accelerator 


Accelerator design has led logic- 
ally to intense research in particle 
optics, and to the sophisticated three- 
stage 18-20 MeV Tandem Van de 
Graaf accelerator. Magnetic and 
electrostatic lens systems have been 
developed to solve problems in the 
focusing of electrons and positive 
ions, and these will produce intense 
well-collimated beams, separation of 
ion beams according to momentum, 
and the stabilization and control of 
beam energies. Special sensing de- 
vices and beam probes are used to 
study the behaviour of particles in 
the complex magnetic fields. 

Very high current devices, with 
small beam divergence, necessitated 
beam neutralization. Neutralized 
beams are a special form of plasma, 
and are an advantage where beam 
instability and divergence of injector 
sources would be a disadvantage in 
thermonuclear fusion. Again, ion 
beam producers for space travel, of 
great interest now, require neutrali- 
zation of beams. One method of 
attaining this end is charge exchange, 
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which is essential for the operation 
of the Tandem Van de Graaf 
machine. 


Newly-designed special magnetic 
“ pipes” can transfer charged- 
particle energy with high efficiency, 
and further development of alterna- 
ting gradient lenses and beam focus- 
ing techniques anticipate such 
developments. Electron scanners are 
also extensively studied, and a 30 in. 
wide electron beam can double the 
scan width previously possible, 
doubling the useful power capacity 
of the accelerator window. 


Very high continuous magnetic 
fields are invaluable in physics and 
for the containment of high temp- 
erature ionized materials. A new 
magnet of special geometry and 
with an integral, high efficiency 
cooling system, will produce a con- 
tinuous field of unprecedented 
strength, 20 per cent. more efficient 
than hitherto. The development of 
this magnet has involved new tech- 
niques in miniaturization and auto- 
matic production of complex 
electromechanical assemblies. To 
construct the magnet, 6 in. diameter 
and in length, and with a field 
volume of 1 cu in., a special machine 
had to be built, working on an 
18 hr automatic cycle. 


Isotope separator 


The importance of highly pure 
isotopes in research needs no empha- 
sis, and at present under development 
is a precision laboratory isotope 
separator producing 10 ma of parti- 
cles in the mass range | to 400, 
with a resolving power of 400, this 
being the mass at peak amplitude 
divided by full width of the peak at 
half-peak amplitude in mass units. 
The separating magnetic field is of 
5,000 gauss, 160 cm radius, and after 
a run, the collected ions can be 
recovered within two minutes. This 
device will produce 10ms of the 
most abundant isotopes. It’s ion 
sources are a modified duoplasma- 
tron and one of the Kistemaker type. 
The magnet weighs 7,000 Ib, controls 


1,200 lb, and remote equipment, 
2,000 Ib. 
Another invaluable instrument 


developed by High Voltage is the 
high intensity spectrometer, in which 
are combined a broad range spectro- 
meter of the magnetic type and a 
quadruple magnetic lens. Ir this 
device, a nuclear track plate or 


scintillation counter can collect data 
on nuclear energy levels. One such 
instrument has been supplied to 
Chalk River, where it is used in 
conjunction with the 12 MeV Tandem 
accelerator, for energy analysis of 
protons, deuteronsandalpha particles. 
The magnetic rigidity is 165 K/gauss- 
cm, with 12 MeV tritons, and the 
resolving power as a spectograph is 
10-* or better. 


Uses 


Machine-produced radiation be- 
comes increasingly important in 
industry, and for this purpose the 
Van de Graaf and microwave linear 
accelerators offer many advantages 
among which are the high beam 
intensity, precision and ease of 
control. Unlike radioactive sources, 
accelerators can be turned off when 
not required, and they need no pro- 
tective shielding when not in use. 
Applications are food preservation, 
sterilization of antibiotics, hormones, 
sutures, intravenous feeding sets, 
plastic tubing, and human transplant 
tissues, the cross-linking of plastic 
materials in order to attain improved 
strength, heat resistance, and insu- 
lating properties, the polymerization 
of special systems for the creation of 
modified new plastics, the catalysis 
and initiation of chemical reactions 
such as oxidation and halogenation. 

Behind this highly-specialized in- 
dustrial organization must be the 
support of efficient research and 
administration. High Voltage Engin- 
eering Corporation has premises on 
a 60-acre tract, covering 120,000 sq.ft 
of floor space. There are radiation 
vaults for the assembly and testing 
of accelerators, enclosed in 4 ft thick 
concrete walls, and made radiation 
protective by interlocked rolling con- 
crete doors. There are 16 such 
vaults. A special 60 ft tower is used 
for testing of large vertically-mounted 
Van de Graaf machines. Later this 
year a further 60,000 sq.ft of research 
and development space will become 
available. 

There is a Tube and Vacuum Room 
for development of glass-to-metal 
seals and high vacuum equipment, 
together with a clean room under 
conditions of positive pressure and 
controlled humidity. A subsidiary, 
the Glass Grinding Corporation, 
make ceramic and glass insulators, 
and also ferrites for electromagnetic 
separating and optical systems. 
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Prototype components are produced 
in a mechanical model shop, and high 
voltage and electrical breakdown 
phenomena are studied in the elec- 
trical test shop. There are also 
special shops for microwave work 
and for magnet development, for 
r.f. ion source research, pulsing de- 
sign studies, ion optics and technology 
in electrostatics, dielectrics, vacuum 
and particle dynamics, and so on. 
At Burlington, too, is a facility for 
radiation processing, providing an 
economical means of carrying out 
customers’ problems radiation 
chemistry and sterilization. 


Such then is the story behind one 
of America’s most progressive and 
pioneering firms in this highly im- 
portant field upon which so much 
technical progress in nuclear research 
and power depends. 


UNIVERSITY 
REACTORS 


(Continued from page 28) 


reactor must be constructed in such 
a way that it can eventually be 
removed. 


Sites for all nuclear reactors re- 
quire a licence from the Ministry of 
Power. This is only issued after a 
very thorough and detailed assess- 
ment of the proposed installation. 
In this the reactor design is assessed, 
the use to which the reactor will be 
put is considered, the site particulars 
and the distribution of population 
around the reactor are determined. 
The safety evaluation involves con- 
sideration of possible hazards during 
normal operation, reactivity acci- 
dents, the possibility of melt-down 
of fuel, and external hazards such as 
the aircraft crash hazard. From a 
scientific point of view the public can 
rest assured that our leading scien- 
tists on health and safety are involved 
in the consideration of site licences 
and the risk is quite small. 


This brings me to the end of my 
lecture. In it I have tried to indicate 
some of the factors which must be 
borne in mind when considering the 
claims of British universities to have 
nuclear reactors. I believe that there 
is a need and a good case for such 
facilities. 
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Trade Literature 


The Computer Division of EMI Elec- 
tronic, Ltd., have issued a three-colour 
brochure describing six typical uses of their 
Emidec 1100 all-transistor data processing 
system. The applications range from pro- 
duction control to hire purchase accounting, 
and include special chapters on payrolls and 
current accounting for banks. Each section 
is illustrated by a typical flow chart, and a 
throw-out flap on the back cover facilitates 
instant reference to the number of units of 
equipment required for each application 
described. 


** Solus-Schall Inspection Service” is a 
booklet reviewing the site methods of non- 
destructive testing provided by Solus- 
Schall, Ltd. They include visual welding 
inspection, X-radiography, gamma _ radio- 
graphy, penetrants, ultrasonic flaw detection 
and magnetic particle inspection. Each of 
these is described and illustrated with photo- 
graphs and, together with the background 
information, provides interesting and in- 
structive reading. 


The object of the Eurochemic Company, 
created under the auspices of the OEEC 
European Nuclear Energy Agency, is to 
process fuel elements used in the atomic 
reactors of the participating countries, in 
order to extract the remaining uranium and 
the plutonium formed in the course of 
irradiation. More about this international 
company, such as how it came into being, 
its organization and operation, the basic 
elements of the plant for the processing of 
irradiated fuels, and the Eurochemic instal- 
lations, may be learnt from the booklet 
‘** Eurochemic”’ recently published by the 
OEEC. 


A new bulletin, covering S. S. White 
Industrial Airbrasive Units, provides de- 
tailed information on improved cutting 
techniques, applications, performance 
charts, cutting powders and accessories for 
this cutting tool. Examples of Airbrasive 
uses, with single and twin jet units are des- 
cribed, such as cutting and cleaning semi- 
conductor materials, adjusting micromodule 
elements, contact paths on potentiometers, 
etc. Among the new Airbrasive accessories 
are a compressor adapted specifically for 
use with Airbrasive and the S. S. White 
automatic air filter-drain, which enables the 
use of shop air as a propellant. There is a 
section on cutting speeds together with 
illustrative charts. The self-mailer included 
is a convenient form for submitting cutting 
and abrasing problems. 


The Advance Design Division of Un- 
brako Socket Screw Co., Ltd., have pub- 
lished eight new leaflets giving specifications 
of their fasteners. These include 12-point 
titanium fasteners, Hi-Torque fasteners, 
one-piece all-metal stiffnuts and high tem- 
perature bolts in nimonic 80A. Each leaflet 
describes one item in detail and is illus- 
trated with photographs and diagrams. 


Negretti & Zambra have produced a 
modest booklet for circulation in India, 
which, after a brief description of the 
company’s century of progress, covers 
briefly their range of precision instruments 
for measuring and recording temperature, 
pressure, humidity, volume and flow. Each 
technical write-up is illustrated with a 
photograph of the instrument. 

The same company has also published 
for circulation in this country their cata- 
logue B/21 of Air Operated Receivers. It 
comprises a photograph and_s general 
description of each receiver indicator, 
recorder or controller for use with Negretti 
& Zambra transmitting instruments and 
those of most other manufacturers, provided 
the output air pressure is 3.15 Ib/sq.in. and 
proportional to the variable being measured. 

The company’s need for apprentices has 
prompted Negretti & Zambra to publish 
their booklet Apprenticeship” which 
illustrates the opportunities and facilities 
offered to young men considering a tech- 
nical career in engineering. 


An extremely well produced booklet 
designed to attract chemistry and chemical 
engineering graduates has been issued by 
the Albright & Wilson Group. Following 
a brief summary of the history of the group, 
the activities of the four principal member 
companies are examined, with particular 
regard to their main chemical products and 
the nature of the opportunities offered to 
science graduates in research, technical 
services and other departments of the com- 
pany. Comprehensive charts provide an 
at-a-glance reference to the uses of the main 
chemical products, such as phosphorus and 
acids, and many photographs _ illustrate 
working conditions. 


Head, Wrightson & Co., Ltd., have 
issued two leaflets illustrating equipment 
manufactured by them under licence to the 
Belco Industrial Equipment Division of 
New Jersey. They are intended to acquaint 
customers with equipment and processes 
available in the fields of filtration and de- 
aeration. Their deaerators and filtration 
plant are described briefly and generally 
with illustrations and diagrams. 


A publication on non-destructive testing 
produced by Eltrasonoscope Co. (London), 
Ltd., and entitled ** The Ultrasonoscope 
MK.2”’ is the company’s second general 
catalogue of this kind and illustrates ad- 
vances made since the first issue in July, 
1956. The booklet not only sets out the 
range of equipment available, but also 
provides fundamental reference informa- 
tion, lucidly written and well illustrated, for 
newcomers to this field. 


More specification sheets have been sent 
to us from General Electric of California, 
describing their equipment for nuclear 
reactor control. They comprise scale 
diagrams, photographs and brief technical 
write-ups. 
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Westminster talks about... 


N moving the Second Reading of 

the Electricity (Amendment) Bill, 
the Minister of Power, Mr. Richard 
Wood, pointed out that the Electri- 
city Act, 1957, had limited the power 
of manufacture by the Central Elec- 
tricity Generating Board to “ any- 
thing required by the Generating 
Board or by any Area Board for 
purposes of research or development 
or for the repair or maintenance of 
their equipment.” The Minister 
said that the Bill sought to leave that 
limitation in being, but at the same 


time to extend it to allow the CEGB - 


to produce radioisotopes in_ its 
nuclear reactors. He then went on 
to explain to the House that it was 
necessary for the CEGB to have the 
power to produce isotopes because 
of the steadily expanding trade in 
such materials, especially in the 
export field. The Minister illustrated 
the percentage of export sales to 
total sales by showing that in 1954-55 
the export sales were £160,000, 
which was one-third of the total 
sales. In 1959-60 export sales were 
about four times as much, namely, 
£620,000, more than half the total 
sales of isotopes in this country. In 
the export of radioisotopes, Britain 
had overtaken her rival the U.S.A., 
and left her well behind. Mr. Wood 
then made three points about the 
Bill. First he made it clear that 
while the Board would carry out the 
irradiation, the AEA would be 
responsible for the finishing of the 
material that the Board had irra- 
diated. 

Secondly, the Minister dispelled 
any doubts by stating that the irra- 
diation of the isotopes would have 
no adverse effects at all on the 
capacity of the reactors to generate 
electricity, as the target material 
would merely take the place of the 
control rods. Thirdly, the cost to 
the Board of adapting the two 
reactors, Bradwell and Hinkley, 
would be about £100,000 each com- 
pared with the cost of the stations 
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themselves, which was approximately 
£50m. 


University Reactors 


The “ Do-it-Yourself” reactors 
and universities were the subject of 
many questions and Captain L. P. 
Orr (Ulster/Unionist, Down S.) asked 
which Minister was responsible for 
the ordering of nuclear reactors of 
thermal output under 100 kW for 
use for research and education. Mr. 
R. A. Butler replied that the Minister 
for Science had a general responsi- 
bility for the expenditure of the 
AEA, and the DSIR, in connection 
with such reactors. Other Ministers, 
however, would be responsible if 
such reactors were ordered by their 
Departments. 

Mr. Edwin Wainwright (L., Dearne 
Valley) asked which universities had 
applied for financial grants to build 
low power nuclear reactors. The 
Parliamentary Secretary to the 
Ministry of Education, Mr. Kenneth 
Thompson, gave the following infor- 
mation. The universities concerned 
were Birmingham; Imperial and 
Queen Mary Colleges, London; 
Manchester and Liverpool jointly; 
Southampton; and the Scottish Uni- 
versities jointly with the Royal 
College of Science and Technology, 
Glasgow. 

Mr. Wainwright then asked which 
universities in England and Wales 
offered facilities for the training of 
nuclear engineers and reactor physi- 
cists and also how many students 
were at each of the universities for 
the years 1956, 1957, 1958, 1959 and 
1960. 

In a written reply, Sir Edward 
Boyle, Financial Secretary to the 
Treasury, said that the universities 
in England and Wales which offered 
such facilities were Birmingham, 
Durham, London, Manchester and 
Southampton. In the years in ques- 
tion an average of 90 students had 
taken post-graduate courses and 
about 100 students had chosen 


nuclear engineering or reactor physics 
as an option in the final year of their 
undergraduate course. 


Brussels Treaty 


The Lord Privy Seal, Mr. Edward 
Heath, said no to a request from 
Mr. Frank Allaun (L., Salford E.) 
entreating him to negotiate an exten- 
sion of the revised Brussels Treaty 
so as to cover the manufacture or 
sale of gas centrifuge units for 
extracting fissile uranium by West 
Germany. Mr. Allaun thought that 
to forbid nuclear weapons but not 
fissile material, made a mockery of 
the Treaty. Mr. Heath did not 
agree, pointing out that under the 
Treaty, the German Federal Republic 
was permitted to produce atomic 
material for peaceful purposes, but 
the Treaty also contained an under- 
taking by that Government that 
atomic weapons would not be manu- 
factured within its territory. 


Imperial Reactor 

Towards the end of the month, 
Mr. Wainwright asked whether a 
decision had been reached with 
regard to the application from the 
Imperial College of Science and 
Technology for permission to build 
a low-power nuclear reactor. Sir 
David Eccles replied that the applica- 
tion was being considered with a 
number of others by the DSIR, 
which is advised by the National 
Institute for Research in Nuclear 
Science. The applications would in- 
volve for each reactor a capital 
expenditure of up to £250,000 plus 
annual maintenance costs, and raise 
considerable issues both of finance 
and principle. They also had to be 
assessed in relation to other requests 
in all fields of science for research 
grants to universities. Mr. Wain- 
wright was not satisfied; he pointed 
out that the application was made 
two years ago and asked the Minister 
to attend to the matter as soon as 
possible. 
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Reactor Analysis, by Robert V. Meghreb- 
lian and David K. Holmes. Published by 
McGraw-Hill (New York and London). 
Size 6} in. x 94 in. x 808 pp. Price £7 IIs. 

Any addition to the proliferating litera- 
ture of reactors will inevitably, if sometimes 
invidiously, be compared with the existing 
standard texts in the field. The publishers 
of Reactor Analysis appear to have antici- 
pated such comparisons by their statement 
on the dust jacket: ‘‘ The purpose of this 
advanced-undergraduate and first- or 
second-year graduate text is to provide a 
complete and consistent mathematical 
study of the nuclear behaviour of reactors 
based on certain approximate physical 
models. The tone of the book is much 
closer to advanced treatments in engineering 
analysis than to books on physics.” Thus 
the intention is avowedly different from 
that of Weinberg and Wigner’s definitive 
work on the mathematical and physical 
theory underlying reactor design: the 
emphasis in the present book is much more 
on the mathematical tools for treating the 
physical behaviour of reactors. For ex- 
ample, whereas about half of Weinberg and 
Wigner’s book is taken up with funda- 
mental nuclear physics and neutron trans- 
port theory, these subjects as such occupy 
only about a tenth of Reactor Analysis, 
which by contrast devotes much more space 
to computational techniques and worked 
examples of actual reactor design. In many 
instances several alternative analytical 
treatments of the same problem are pre- 
sented. These include Chap. 2 on proba- 
bility concepts; Chap. 3 on the neutron 
flux; Chap. 4 on slowing down; Chap. 5 
on diffusion theory; Chap. 6 on the Fermi 
age model; Chap. 7 on transport theory; 
Chap. 8 on reflected reactors; Chap. 9 on 
reactor kinetics; and Chap. 10 on hetero- 
geneity. The remaining chapters represent 
for the most part extensions and applica- 
tions of these general topics. This book 
will meet an undoubted need among reactor 
engineers, and there is little to fault in 
either the selection of material or the quality 
of its exposition. The treatment of reflected 
reactors is particularly thorough, and it is 
pleasing to find a detailed account of the 
source-sink method for heterogeneous 
reactors included (for the first time?) in a 
textbook. The account is based on the 1955 
Geneva papers of Feinberg and Galanin; 
perhaps it would be curmudgeonly to com- 
plain that no account is given of recent 
refinements allowing for the finite dimen- 
sions of the reflector and fuel channels. 
The authors have wisely restricted their 
account of the Monte Carlo method to a 
statement of principles and a few applica- 
tions. Nevertheless the following sentence 
on page 109 is puzzling and should be either 
deleted or amplified: In some applica- 
tions (e.g., the resonance-escape proba- 
bility) the Monte Carlo calculations can be 
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performed * by hand’.”” To my knowledge 
resonance-escape calculations, because of 
the complexity of the input data, do not 
represent the most straightforward applica- 
tion of the Monte Carlo method. A unique 
feature claimed for the book is the use of 
elementary methods and discussion of 
physical concepts to introduce each chapter, 
with more sophisticated analytical methods 
reserved for later portions. Such a scheme 
is undoubtedly helpful to the student 
attending a lecture course—the book has 
developed out of a course given by the 
authors at Oak Ridge—but is not neces- 
sarily ideal for a textbook. It is pointed out 
that the arrangement of material means 
that the work may serve as an elementary 
text which can also be used in a more 
advanced course by simply including the 
complete treatment; but adequate intro- 
ductory texts are already available at a 
fraction of the price of the present book, 
which is in any case far beyond what the 
average British student can afford. Perhaps 
transatlantic students are more wealthy but 
the cisatlantic market is likely to be re- 
stricted to libraries and establishments 
engaged on reactor design: there should 
be at least one copy available for day-to-day 
reference in every reactor design office. The 
only misprint detected is a trivial one on 
page 562, where in Fig. 92 the value of the 
decay constant 22999 should read 1.135 x 
10* sec—! (not sec); the legibility of the text, 
clarity of the figures and general quality of 
production conform to the high standard 
one has come to expect of McGraw-Hill 
publications. 
J. W. GARDNER. 


Neutron Detection, by W. D. Allen. 
Published by George Newnes, Ltd. Size 
8}in. x Sin. x 259 pp. Price 45s. 

In the preface to this book the author 
indicates that his aim has been to meet the 
needs of those who with some _ back- 
ground knowledge of nuclear physics and 
particle detection, require a more detailed 
knowledge of neutron detection.”” Loosely 
defined though this aim may be, there can 
be no doubt that it has, at the very least, 
been adequately fulfilled. The book starts 
with a short introductory chapter containing 
some details of historical interest and an 
attempt to summarize the background 
knowledge required of the reader. For 
some reason this summary does not quite 
come off and in retrospect one wonders 
whether the book would not, in any case, 
have done as well without it. Following 
the introduction are two chapters describing 
the main methods of neutron detection. 
Of these, chapter 2 is concerned with the 
basic nuclear reactions involved and chapter 
3 with the principles and the design and 
performance as neutron detectors, of such 
instruments as ionizetion chambers, pro- 
portional counters, scintillation counters 


and photographic emulsions. Other detec- 
tors which are less widely used are either 
discussed very briefly or simply listed with 
appropriate references in the bibliography. 
Chapter 4 contains an interesting and well 
balanced account of the practical applica- 
tion of neutron detectors to various prob- 
lems, with sections on neutron spectro- 
metry, the use of time-of-flight techniques, 
health monitoring and the measurement of 
fast and slow neutron fluxes. The final 
chapter on neutron standards is devoted 
largely to a discussion of the various 
methods of determining the absolute 
strength of neutron sources. Added to this 
are 12 appendices containing in all about 
30 graphs, a subject index and an extremely 
well set out bibliography. The book as a 
whole reads easily and is written in a style 
which is simple and direct. At all stages 
the author has been careful to avoid the 
sort of detail that would only be of interest 
to the expert. There are occasions when 
he may perhaps have been too brief, but 
by way of compensation he has included in 
the bibliography a comprehensive list of 
references which easily directs the reader 
to publications which should satisfy any 
need for more detailed information. Like 
many other first editions, this one contains 
its share of errors which a careful reading 
of the proofs would have eliminated, but 
neither these nor any misgivings about the 
first chapter seriously detract from what is 
certainly an excellent survey. Physicists 
and engineers alike will find this a welcome 
addition to the literature, not least for 
providing an alternative to the laborious 
and often unrewarding procedure of paging 
through books on particle detection, 
nuclear physics, neutron physics and the 
like, to obtain information on a subject 
which is clearly capable of standing on its 
own. 
J. J. THRESHER. 
National Institute for Research in 
Nuclear Science. 


Sells British Aviation. Siz2 10 in. x 8 in. 
x22Ipp. Price 20s. post free. 

This is a book for the Aircraft Industry 
and is along the lines of Szlls trade direc- 
tories. It would be of use to those who 
have to make out requisition slips to a 
Ministry. 

Electronics and Nucleonics Dictionary. 
Published by McGraw-Hill, New York, 
U.S.A. Size 64 in. x 9in. x 543 pp. Price 
93s. 

This book is in fact the second edition 
of Electronics Dictionary. The size of the 
original has bzen more than doubled and 
now contains 13,000 electronic and nu- 
cleonic terms. Over 400 illustrations have 
been carefully chosen to clarify and expand 
the meanings of the more complex terms. 
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AST October, Mr. L. Rotherham 

addressed the Science Masters’ 
Association on “ Implications of the 
Nuclear Power Programme.” He 
stressed the fact that one of the basic 
problems in nuclear power develop- 
ment in Great Britain is the avail- 
ability of personnel at all levels of 
responsibility. Mr. Rotherham con- 
sidered that the SMA has done well 
to urge a modernization of school 
curricula, but he spoke of the diffi- 
culties of doing this without appro- 
priate apparatus for demonstrations 
and individual experiments. 

Dr. Chauncey Starr has pointed 
out that during the next decade in 
the U.S.A., about $200,000m. will 
be spent upon technological research 
and development, or about twice the 
present national effort. This truly 
impressive growth must impose a 
strain on the production of the 
personnel to make such strides 
possible. Unfortunately, even now 
the individual scientist is rarely 


given time to explore creative thought, | 


and a large organization, by its 
very nature, imposes restrictions 
upon the freedom of the individual. 
Since there are variations in individ- 
uality and capability, there will be 
variations, too, in the areas of 
usefulness of creative thought, but 
clearly the opportunity will be 
reduced. 
* * * 


That an enlightened attitude to- 
wards the use of radioactive materials 
in educational establishments is 
spreading is made evident by the 
interest taken in the activities of the 
Institution of Nuclear Engineers in 
surveying aids to the teaching of 
nuclear sciences. Many people all 
over the world have expressed their 
delight that this survey is being 
made, and there have been many 
willing to pass on the advantage of 
their own experiences to others. 
Ingenious experiments, and simple, 
though illuminating, devices are fre- 
quently developed by teachers and 
even by their students. To pass on 
these to other educational establish- 
ments is the object of the present 
survey. 

* 


I suppose there will be many a 
sour face now that both the 1960 
Nobel Prize for Physics and that for 
Chemistry have gone to Americans, 
and to workers in nuclear fields, 
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moreover. But surely the choice 
could hardly have been better made. 
The Physics Prize went to the 34-year 
old Donald A. Glaser, of Berkeley 
University, whose invention of the 
bubble-chamber has made possible 
almost unbelievable progress in the 
study of nuclear particles and nuclear 
reactions. To Professor Willard F. 
Libby, of the California State Uni- 
versity, went the Chemistry Prize, 
for his invaluable work on age deter- 
mination through Cl4._ This has 
been of great importance, not only 
in archaeology, but also in other 
fields. 


* * * 


A material which gives added 
protection against radiations, and 
yet is surprisingly light, seems like 
the nuclear engineer’s pipe-dream. 
Yet in the U.S.A., a polyethylene 
plastic, known as “ Petrothene 100” 
has been applied in an interesting 
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way in American atomic-ship techno- 
logy. It is lighter than other con- 
structional materials, and provides 
outstanding protection against neu- 
trons from reactor units. Its hydro- 
gen atoms act as a moderator, and 
a 1-2 per cent. inclusion of boron 
absorbs the thermalized neutrons. 
This material, obtained in plates 
lin. thick, meets the military re- 
quirements and can be readily cut 
to all sizes and shapes. Its introduc- 
tion should have a profound effect 
upon the technology and develop- 
ment of nuclear ships, provided it 
does not undergo deleterious changes 
upon irradiation. 


* * 


Disposal of waste from the use of 
radioisotopes is the title of a short 
course to be held at the Manchester 
College of Science and Technology 
on January 12th and 13th, 1961. 
With the ever-widening application 
of radioisotopes this is a problem 
which affects many people with no 
knowledge of radioactivity. This 
course is aimed at such people and 
should prove of great practical use. 


Again in the isotopes field—new 
applications of these are being con- 
stantly discovered, since they render 
production easier, quicker, more 
accurate, and bring economic ad- 
vantages. Yet these applications are 
not free from dangers, and it is 
necessary to realise both the uses 
and the hazards if safe handling is 
to be the result. The Industrial 
Labour Conference in 19€0 approved 
a Radiation Protection Convention, 
one clause of which indicated that all 
workers liable to exposure to ioniz- 
ing radiations shall be instructed in 
health hazards and the precautions 
to be taken. In making available to 
workers everywhere, through the 
agency of their new publication, 
Radiations in Industry the necess- 
ary information, the Trades Union 
Congress is showing awareness of its 
responsibilities. The first chapter 
deals with the nature of radiations, 
the second with their uses, the third 
with the risks, the fourth with safe- 
guards. The final chapter is entitled 
“How to make the safety certain.” 
This booklet, with its 96 pp of sound 
common-sense, is profusely illus- 
trated with photographs, which al- 
though familiar from other 
publications in many cases, have been 
well chosen, It should have a wide 
appeal to trade unionists and 
industrial workers. 


The fuses used in our electrical 
installations to protect both the wary 
and the negligent are very well-known. 
Not so widely appreciated are the 
fuses which are incorporated into 
nuclear reactors. Atomics Inter- 
national have recently built nine 
such fuses for the Maritime Gas- 
Cooled Reactor Critical Experiment, 
operated by the General Atomic 
Division of General Dynamics Cor- 
poration at San Diego. This par- 
ticularly interesting type of fuse 
device is completely self-contained 
within a cylinder, partly inserted in 
the core of the reactor, the outer part 
containing boron trifluoride gas. In 
the event of a power surge, the gas 
is released into the inner portion of 
the device, where neutron absorption 
closes down the chain reaction in the 
core. This fuse has taken three 
years to develop, while the idea of 
the safety fuses has been occupying 
the attention of AT since 1952. 
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Element packing 


A 24,000w amplifier and giant speaker 
system similar to a gramophone but nearly 
1,000 times more powerful, is being used 
to pack nuclear fuel elements at the U.S. 
Atomic Energy Commission’s Hanford 
plant operated by U.S. General Electric. 
The new method is called “vibrational 
compaction’. It simultaneously compacts 
and clads ceramic fuel materials. The cost 
of fuel element construction should be 
considerably reduced. The “* loud speaker ” 
or vibrator portion of the equipment is 
driven by a large electro-magnet delivering 
a thrust of nearly 5,000 lb. Fuel element 
cladding in the form of tubes up to 8 ft in 
length are attached to the vibrator. As 
nuclear fuel powder is poured into them, 
the tubes are vibrated at frequencies ranging 
between 5 and 5,000 cycles/sec, compacting 
the fuel to more than 90 per cent. of its 
theoretical density in about three minutes. 
In the process, accelerations of more than 
100 G’s have been applied to the tubes 
without dimensional changes or other 
adverse effects. Fuel rods with walls as thin 
as 0.00S5in. have undergone vibrational 
compaction without damage. Thin walls 
are used because they absorb fewer neutrons 
from the fission process. 


Fuel gauge 


A PATENT has been issued to North 
American Aviation, Inc., for a radiation 
fuel gauge developed by its Atomics 
International Division for the Navy Bureau 
of Weapons, it was announced today. The 
transistorized gauge measures all types of 
liquid and solid fuels in aeroplanes and 
missiles with greater accuracy and reliability 
than conventional devices. It can also be 
used for liquid level control in shipboard 
tanks and steam boilers and for measure- 
ment of a variety of materials in a container. 
It consists of radioactive sources and detec- 
tors mounted on the sides of fuel tanks. 
Gamma rays given off by the radiation 
sources pass through the tanks. Intensity 
of the rays reaching the detectors indicates 
the amount of fuel. The gaug: is easily 
installed and automatically compensates 
for differences in petroleum-based fuels, 
which affect the accuracy of standard 
measuring equipment. 


The Snook 


THE second nuclear-powered submarine 
built in Mississippi, in the United States, 
the Snook, was launched on October 31, 
1960. Ceremonies took place at the ship- 
yards of the Ingalls Shipbuilding Corpora- 
tion where the Snook’s predecessor, Sculpin, 
was launched on March 31, 1960. Both 
submarines will have Bettis-designed reactor 
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plants like the one in the U.S.S. Skipjack 
forerunner of this group of high speed, 
high performance attack-type nuclear sub- 
marines being constructed by the United 
States Navy. The Skipjack, commissioned 
on April 5, 1959, has attained the highest 
speed ever recorded by any known sub- 
marine. The Snook, like the Skipjack, has a 
streamline advance hull form and a single 
propeller for maximum underwater perform- 
ance. The reactor plants for Snook, 
Sculpin and Skipjack were designed and 
developed by the Bettis atomic power 
laboratory, Pittsburgh, which Westinghouse 
Electric Corporation operates for the 
United States Atomic Energy Commission. 
The Bettis work on the reactors was under 
the direction of and in technical co-operation 
with the Naval Reactors Branch of the 
Atomic Energy Commission. 


Australian research 


AUSTRALIA will move into a new field of 
nuclear research in a programme of experi- 
ments at Sydney University dealing with 
harnessing of the power of the hydrogen 
atom. The programme will involve studies 
of the behaviour of gases at high tempera- 
tures. Plans for the new work were outlined 
in Sydney recently by Prof. Watson- 
Monro, professor of Thermo-Nuclear 
Physics at Sydney University, on returning 
from an 8-month world tour. He said that 
special equipment to be built at the Uni- 
versity would be able to heat gases to a 
temperature of over Im.°. Studies of the 
behaviour of atoms at such high temp- 
eratures would help in the harnessing of 
hydrogen power and would also throw 
fresh light on the means of propelling 
rockets for space research. The professor 
said that the University would pool its 
results with those obtained at universities 
in Britain, Europe and the U.S.A. It was 
also hoped to arrange exchanges of research 
workers between these countries. 


At Lucas Heights 


New nuclear science 
institute and canteen 
at Lucas Heights, 
Australia. The Insti- 
tute built for the 
Australian Atomic 
Energy Commission 
by Taylor Woodrow 
consists of a lecture 
theatre, a block of 
thirteen study rooms 
a conference room 
and administrative 
offices 


Atom-smasher 


WORK has started in Canberra on the 
installation of an atom-smashing machine 
that will bring nuclear research facilities 
at the Australian National University into 
world class. The largest part of the equip- 
ment—a tank weighing 24 tons—arrived 
recently and will house a 12m. volt genera- 
tor. The machine, known as a tandem 
electrostatic generator, was made in the 
U.S.A., taking 2 years to build at a cost 
of £A500,000. Prof. Titterton, Director of 
the National University’s Nuclear Physics 
Department, said the machine was the most 
flexible atom-smasher yet designed and could 
accelerate particles, ranging from hydrogen 
to oxygen, which could be used to bombard 
any chosen target atoms to cause nuclear 
disintegration. The energy of bombarding 
particles could be varied smoothly from Im. 
to 12m. volts The machine is the seventh of 
its type in the world. Three others are in 
the U.S.A., two in Britain, and one in 
Canada. 


New research laboratory 


A NUCLEAR research laboratory to be 
used for developing Australia’s first atomic 
reactor to produce cheap power was offici- 
ally’ opened recently by Prime Minister 
Menzies. The laboratory forms part of the 
Australian Atomic Energy Commission’s 
Research Establishment at Lucas Heights, 
near Sydney. The new, 3-storey centre is the 
largest yet built by the AEC and cost over 
£A450,000. For a start, the centre will 
undertake design studies for an atomic 
reactor cooled by gas to produce power at 
low cost by burning cheap fuels. It is hoped 
that, after 5 years research, it will be possible 
to build a full scale reactor supplying power 
competitive in price with that generated 
by conventional means. 
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N-ship symposium 

THE IAEA nuclear ship symposium held 
at Taomina in Sicilly was attended by 175 
people from 19 different countries. The 
40 scientific papers presented caused lively 
discussion and by the end of the symposium 
it had become clear that nuclear ships could 
be made safe, but that there was little 
prospect of them being economically 
competitive with conventional types in the 
near future. Nevertheless it was generally 
agreed that nuclear ships must be construct- 
ed now in order to gain the necessary 
experience with such ships under sea- 
going conditions. The symposium on 
Chemical effects of nuclear transformations 
sponsored by IAEA in Prague gave an 
“important impetus to further develop- 
ments in this important branch of radio- 
chemistry,” according to Professor A. 
Nesmeyanov of the U.S.S.R. This sym- 
posium was attended by 170 scientists 
representing 25 countries and provided a 
useful opportunity for informal discussion. 


Dose distribution 


A PANEL of radiation physicists convened 
by the International Atomic Energy Agency 
(IAEA) has reviewed existing data on dose 
distribution of high energy radiation in 
radiotherapy. These data were collected 
by the IAEA in co-operation with several 
national organizations and _ institutions. 
Over 1,000 dose distribution charts were 
available. By dose distribution one under- 
stands the amount of radiation received in 
various parts of the body during radiation 
treatment of cancer and allied diseases. 
The panel discussed methods of determina- 
tion of dose distribution, criteria of 
selection and classification of data, and the 
best ways of disseminating such informa- 
tion. The panel recommended that an 
international catalogue of available dis- 
tribution charts and some _ illustrative 
atlases be published by IAEA. It was also 
recommended that IAEA establish within 
its framework an international centre for 
collection and distribution of physical data 
and charts of dose distribution. Requests 
for copies of the report of the ** Panel on 
Physical Data on Dose Distribution of 
High Energy Radiation’ should be ad- 
dressed to the Department of Research and 


Isotopes, International Atomic Energy 
Agency, Vienna 1, Kéarntnerring 11, 
Austria. 


Photographic exhibition 


AN Exhibition called ** Atom in Camera ” 
is being presented by Ilford with the co- 
operation of the UKAEA. The Exhibition 
will be open at Ilford House, 133/135, 
Oxford Street, London, W.1., until mid- 
February. This is the first London photo- 
graphic exhibition to be devoted entirely 
to the peaceful use of atomic energy and has 
been compiled from the UKAEA’s library 
of many thousands of prints. 
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Artist’s impression 
of Sizewell nuclear 
power station 


SIZEWELL 


THE contract for building Sizewell nuclear 
power station is to be awarded to the 
English Electric-Babcock and Wilcox- 

Taylor Woodrow Atomic Power Group. 
This contract is worth £55m. and when 
completed the station will have the highest 
output (580,000 kW) of the seven com- 
mercial nuclear power stations at present 
on order in the United Kingdom. The two 
Sizewell reactors are intended to come into 
operation in 1965 and 1966 and will bring 
the nuclear contribution to Britain’s 
generating capacity to over 10 per cent. 
The most outstanding feature of the Size- 
well design is its compactness, which has 
been achieved by the use of a new type of 
reactor building, small diameter pressure 


Irish power station 


LORD GLENTORAN, Minister of Com- 
merce, told the Northern Ireland House 
of Comm ns that the Government are 
looking for a coastal site to build an 
atomic power station for use at a time when 
they might decide that generation by 
nuclear power would be an economical 
development. He would report to Parlia- 
ment about the conclusion the Government 
reached on the future form of development 
when they had decided what was the best 
course to adopt. The Minister asked for a 
supplementary vote of £11,000 to defray 
the cost of investigations in the coastal 
area. Money has already been spent on 
investigations in the Lough Neagh area 
but, although a suitable site had been found 
there, it was ruled out for public health 
and safety reasons. 


Monitor exports 


EXPORT orders worth £15,000 have been 
received from the U.S.A., France and Japan 
for the Beryllium Monitor manufactured 


vessels with thick walls, two boilers each of 
high capacity and only two turbines of very 
large output which reduce the size of the 
turbine hall. The two reactors will be 
placed one at each end of the reactor build- 
ing and the space in between will be used 
for common control, service and plant 
rooms. The carbon dioxide gas-cooled, 
graphite-moderated natural uranium fuel 
reactors will operate on the same principle 
as those in stations already built for the 
CEGB. The circulating water will be drawn 
and returned to the sea but will not come 
into direct contact with either the steam or 
the carbon dioxide. A fuller account of 
Sizewell will be given in a future issue of 
NUCLEAR ENERGY. 


and marketed for Winston Electronics, 
Ltd., Shepperton, Middlesex, and developed 
by the UKAEA. The monitor detects and 
automatically records the quantity of 
beryllium dust in workshops, where bery- 
llium metal and its alloys are worked. The 
very minute quantities of beryllium, which 
is toxic, in the atmosphere, are spectro- 
graphically measured at one-minute inter- 
vals. 


Nuclear transformations 


OVER 110 scientists from 22 countries 
participated in the symposium on _ the 
Caemical Eff:cts of Nuclear Transforma- 
tions held by the International Atomic 
Energy Agency in Prague. Representatives 
of Euratom also took part. Tne purpose 
of the symposium was to bring together 
scientists and research workers active in 
this field to enable them to discuss the 
results of their research work, and to 
exchange information and ideas on a 
series of subjects in which developments 
are taking place at a particularly rapid pace. 
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New film 


A NEW colour film, ** R. & D.” (Research 
and Development) has been made by the 
UKAEA describing the main lines of the 
research and development of the Develop- 
ment & Engineering Group at their Culcheth, 
Springfields, Windscale and Capenhurst 
laboratories and at Dounreay. It covers 
the research programme carried out on fuel 
elements for the nuclear power stations 
now being built for the Electricity Genera- 
ting Boards, and the work on the develop- 
ment of high performance fuel elements for 
use in prototypes of new reactors. Bringing 
relatively new materials into use in the 
conditions found in the cores of nuclear 
reactors demands the fullest possible 
knowledge of their physical characteristics 
and the film stresses AEA work on beryllium 
and plutonium with its attendant handling 
and processing restrictions. The difficult 
subject of plutonium build-up in reactor 
fuel and the use of computers to solve 
intricate problems of the behaviour of 
such fuel is also examined. The film ends 
with a description of the links between the 
Research and Development teams (now 
totalling 2,000 men) and industry. Copies 
of the film (16 mm), are available on free 
loan from the Film Library, UKAEA, 11, 
Charles II Street, London, S.W.1. Its 
running time is 26 minutes. 


Mexican mission 


A PRELIMINARY assistance mission of 
the International Atomic Energy Agency 
has been visiting Mexico, El Salvador, 
Guatemala, Peru and Paraguay. It was the 
sixth mission to be sent out by the Agency 
to study the prospects of atomic energy 
developments in Member States of the 
Agency and to advise national authorities 
on the means and procedures for securing 
IAEA assistance in this development. The 
earlier five missions visited a number of 
states in the Far and Middle East, Africa, 
Latin America and Southern Europe. The 
missicn spent about one week in each of 
the five countries. 


N-training plant 


PENSACOLA Junior College in Florida, 
U.S.A., is to be installed with a sub- 
critical plant using enriched fuel for the 
purpose of training nuclear scientists. 
Built by Lockheed Nuclear Products in 
Atlanta, Georgia, the reactor will use as 
its fuel source uranium-238 enriched with 
20 per cent. U-235. Two core reflectors 
(one polythene and the other graphite) 
and a “ barrel” type shielding permit eight 
configurations using a_ single neutron 
source. The reactor core is 10 in. in dia- 
meter and 14 in. long, with reflector thick- 
nesses varying from 3 in. to 10 in. 
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German power station 


WEST Germany’s first nuclear power 
station has sustained its initial chain 
reaction. The 15,000kW Kahl plant near 
Frankfurt achieved criticality on November 
13. Engineers of International General 
Electric Operations S.A., an affiliate of U.S. 
General Electric, report that criticality 
was attained ‘‘ according to programme ”’. 
General Electric designed and furnished 
the single-cycle boiling water reactor for 
the Kahl plant which is owned by Rheinisch- 
Westfaelisches Elektrizitatswerk (RWE) and 
Bayernwek, two large West German 
utility companies. Prime contractor for 
the Kahl plant, which will be used both 
for the generation of electric power and for 
nuclear power plant research, is Allgemeine 
Elektrizitats-Gesellschaft (AEG), a West 
German electrical manufacturer. Initially, 
the Kahl plant core will be tested at power 
levels up to 1 MW, as permitted by a 
licence recently granted to RWE by the 
German Government. Thereafter, the 
plant is expected to be operated at about 
50 per cent. of capacity for about three 
months during a series of tests. After 
these tests, the remainder of the nuclear 
fuel will be loaded and the reactor will be 
brought up to its full capacity. General 
Electric trained the staff which will operate 
the reactor and supplied the nuclear fuel. 
This fuel consists of 6.6 tons of slightly 
enriched uranium dioxide contained in 
88 fuel element assemblies. These, plus 
12 spare fuel element assemblies, were built 
at General Electric’s atomic power equip- 
ment plant in San Jose, California. 


Prototype reactor 


WORK has staited on the construction of 
a 15 MW prototype ** pebble bed ” reactor 
plant at Julich, Germany. Estimated to 
cost between £34m. and £4m. it is the 
first power reactor to be designed and built 
entirely by German firms. Fuel for the 
reactor will be in the form of 20 per cent. 
enriched uranium unclad graphite 
spheres. Some of the fuel will contain 
thorium. The reactor will be cooled with a 
mixture of helium and neon with the 
graphite serving as a moderator. Designers 
of the plant are Friedrich Krupp and Brown 
Boveri, wo are building the prototype 
for the AVR group, an association of 14 
municipal utilities. The West German 
Government will contribute more than 
half the cost of the reactor, which will 
probably serve as a model for a 100 MW 
plant to be built later. 


Advanced test reactor 


THE U.S. Atomic Energy Commission has 
selected, as a basis for contract negotia- 
tion, a proposal of Ebasco Services, Inc., 
New York, N.Y., for performance of 
architect-engineering services in connection 
with an advanced test reactor planned for 
the Commission’s National Reactor Testing 
Station, near Idaho Falls, Idaho. In 


addition to providing the detailed final 
design, Ebasco Services Inc. will also be 
responsible for inspection of construction. 
The Babcock & Wilcox Co., New York, 
N.Y., as sub-contractor to Ebasco, will 
provide assistance in design of the nuclear 
portion of the facility. The proposed 
reactor project, in addition to certain 
support facilities, comprises a nuclear 
reactor, including fuel elements and nuclear 
core, capable of operating at the tower 
level of approximately 250,000 kW of heat. 
The largest existing nuclear testing facility, 
the engineering test reactor at the National 
Reactor Testing Station, has an operating 
power level of 175,000 kW of heat. A test 
reactor, through the use of nuclear radiation, 
tests the performance of reactor components 
and materials in an environment comparable 
to conditions in reactors for which the 
components and materials are intended. 

Required operating conditions of the new 
test facility include a pressure of approxi- 
mately 300 Ib/sq.in. and a temperature of 
130°F with a coolant flow of approximately 
30,000 gal of water/min. The reactor will 
be designed to accommodate experimental 
loops and associated out-of-pile support 
facilities. The contract also requires the 
furnishing of hazards evaluation reports. 
Congress has authorized $24m for the pro- 
ject. Construction of the reactor is scheduled 
to start by March, 1961, with completion by 
March, 1964. The Phillips Petroleum Co. 
is responsible for the conceptual design 
of the project. A constructional contractor 
will be selected at a later date. 


Alco power plant 


PM-2A—the portable nuclear power plant 
designed and built by Alco Products Inc., 
for the U.S. Army in Greenland—recently 
went critical. The plant, described in 
NUCLEAR ENERGY, June, 1960, is designed to 
generate 1,560 kW of electricity and Im. 
B.t.u. of steam for heating purposes. 
Following the initital criticality the plant 
underwent two weeks of low-to high- 
power testing with start-up measurements 
and data being taken by Alco personnel. 
There then followed a 10-day period of 
final adjustment before Army personnel 
put the plant “* on the line.” 


Dutch JASON 


REACTOR Centrum Nederland, the Dutch 
Atomic Energy Foundation, has now put 
into operation its JASON research and 
training reactor. The reactor became 
critical last week, seven months after manu- 
facture commenced at the Hawker Siddeley 
Nuclear Power factory at Langley in 
Buckinghamshire. The Reactor Centrum 
Nederland JASON is the first British re- 
actor to be completed and put into opera- 
tion in a European Common Market 
country. Another version is being used for 
research at the manufacturer’s headquarters 
at Langley and a third is under construction 
for the United Kingdom Atomic Energy 
Authority. 
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Medical TRIGA 


THE U.S. Atomic Energy Commission is 
to issue a construction permit to the National 
Naval Medical Centre for a General Atomic 
advanced TRIGA-type nuclear reactor to 
be located on the Medical Centre grounds 
in Bethesda, Maryland. The reactor will 
be capable of providing short pulses of 
intense nuclear energy, and is to be the 
principal part of a biomedical radiation 
research facility to be used in studying the 
effects of radiation on living organisms; 
the TRIGA will serve as a source of neutron 
and gamma radiation. The facility will be 
known as the Defense Atomic Support 
Agency TRIGA Reactor (DASA-TRIGA), 
and will be of the tank-type, cooled by 
water, moderated by zirconium hydride and 
water, and reflected by water alone or 
water and lead. Steady state operation up 
to 100 kW (thermal), or 1,000 kW operation 
for periods not to exceed 10 min each, and 
high power pulses of short duration are 
proposed. General Atomic Division of 
General Dynamics Corporation, which will 
design and construct the reactor for the 


Naval Medical Centre, is currently carrying ° 


Out test operations with its TRIGA Mark-F, 
which is considered to be the prototype for 
the DASA-TRIGA. The Mark-F proto- 
type is in operation at General Atomic’s 
John Jay Hopkins Laboratory for Pure and 
Applied Science in San Diego, California. 
Completion of the reactor is expected by 
September of 1961. The DASA-TRIGA is 
one of two of such advanced-type TRIGA’s 
capable of providing short pulses of intense 
nuclear energy, which General Atomic is 
supplying to the U.S. Government. A 


Berkeley Progress 
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TRIGA Mark-F will be installed for the 
Army’s Diamond Ordnance Fuze Lab- 
oratories at its Radiation Facility, to be 
used in studies of the effects of radiation 
on various types of electronic components 
and circuitry used in Army ordnance equip- 
ment. The Army Mark-F will be located in 
the Forest Glen section of the Walter Reed 
Army Medical Centre, Fort Glen, Maryland. 
The pulsing TRIGAs are special adaptions 
of the TRIGA class of reactors and are 
capable of producing very intense but self- 
limiting pulses of neutron and gamma ray 
radiations for short periods, at repeated 
intervals. The reactor core for the pulsing 
TRIGAs differs from the cores of standard 
TRIGA reactors in that it contains more 
fuel elements of a special design, in a new 
core configuration. Development of the 
pulsing reactor was made possible by 
TRIGA’s inherently safe uranium-zirconium 
hydride fuel-moderator elements which 
provide the reactor core with a large, 
prompt negative temperature coefficient. 
This means that the TRIGAs have a built- 
in control that prevents any dangerous 
over-heating of the core. Some 20 standard 
TRIGAs possessing this high degree of 
inherent safety as well as simplicity and 
versatility of operation have been placed in 
operation or soon will be in use on five 
continents, for training, research, isotope 
production and medical, agricultural and 
industrial applications. 


Birfield 


THE headquarters of the Birfield Group 
of Companies is now located at their new 
London offices at 20 Hill Street, London, 
WA. The telegraphic address is now 
Beltistos, Audley, London, but the telephone 
number is unchanged at Grosvenor 7090. In 
future, sales of general engineering products 
will be dealt with by individual Birfield 
Companies. 


(Left) Berkeley 

nuclear power sta- 

tion. No. 1 reactor 

is due for com- 

missioning in Novy- 

ember 1961 and No. 2 
in April, 1962 


(Above, right) One 
of the atomic fuel 
cartridges to be in- 
stalled in No. 1 
reactor 


(Bottom, right) The 
practically completed 
turbine hall with 

four turbines 


Mission in Manila 

A 3-man team of nuclear experts arrived in 
Manila towards the end of October for a 
month’s survey of the prospects for atomic 
power development in the islands within the 
next decade. The mission was requested 
by the Philippine Government and sent by 
the IAEA. Dr. Perry D. Teitelbaum of the 
IAEA division of economic and technical 
assistance heads the group. The other 
members are Dr. Joseph Barnea, chief of the 
U.N. national resources development group, 
and Munir Khan, IAEA specialist on 
reactors. While in the country the experts 
will be assisted by a Philippine nuclear 
power study committee created by the 
Philippine Atomic Energy Commission. The 
mission will look into the economic and 
technical feasibility of installing a nuclear 
power plant in the Manila area within the 
next 10 years, and explore what role 
nuclear power can play in development of 
the country’s natural resources. 


Irradiation Contract 


THE U.S. Atomic Energy Commission, 
under its irradiation services programme, 
has signed a contract with the Westinghouse 
Electric Corporation under which the firm 
will provide test irradiation and related 
services for Commission contractors in the 
Westinghouse Testing Reactor, near Waltz 
Mill, Pennsylvania. The contract, effective 
for one year, and with provision for exten- 
sion for additional one year periods at the 
option of the AEC, specifies rates per 
irradiation unit, depending on the extent 
of total reactor use, at which the govern- 
ment will compensate the firm for perform- 
ance of basic irradiation services on behalf 
of Commission contractors. 
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MR. F. DRANSFIELD, BSc (Eng), 
MIMechE, AMIEE, has _ been 
appointed power plant design engineer of 
the Central Electricity Generating Board. 
Mr. Dransfield joined the staff of the York- 
shire Electric Power Co., in 1916 and 
became boiler house superintendent of 
Leicester Corporation Electricity Depart- 
ment in 1924. From 1932 to 1938 Mr. 
Dransfield was boiler plant manager with 
Castner Kellner Alkali Co., and from 1939 
to 1950 was employed by Babcock and 
Wilcox Ltd., first as a senior service engineer 
and then as a boiler design engineer. In 
March, 1950, Mr. Dransfield joined the 
staff of the then British Electricity Authority 
as a senior assistant engineer in the genera- 
tion design branch of headquarters. In 
1952 Mr. Dransfield became boiler plant 
design engineer, the post he now leaves to 
take up bis new appointment. 


MR. S. F. NEWEY, BSc (Elec Eng), 
AMIMechE, AMIEE, has been appointed 
project engineer of the Midlands Project 
Group of the Central Electricity Generating 
Board. After serving an apprenticeship with 
the Brush Electrical Engineering Co., of 
Loughborough, Mr. Newey graduated at 
Birmingham University, following which he 
joined the City of Birmingham Electric 
Supply Department. In 1950 he became 
general assistant engineer in the Generation 
Construction Department of Midlands 
Division of the then British Electricity 
Authority. From 1952 to 1955 Mr. Newey 
was an assistant engineer with the 
Authority’s East Midlands Division fol- 
lowed by a short period as personal assistant 
(technical) to the East Midlands Divisional 
Controller. He then returned to construc- 
tion work in the Midlands Division, be- 
coming senior mechanical engineer at 
Wolverhampton in 1957. In 1959 Mr. 
Newey was appointed an assistant project 
engineer of the Midlands Project Group, the 
position he now relinquishes to take up his 
new appointment. 


The Martin Co., Baltimore, have ap- 
pointed MR. WILLIAM S. STRINGHAM, 
supervisor of the company’s activities at 
Quehanna, Pennsylvania, where Martin 
have applied for a licence from the U.S. 
Atomic Energy Commission to carry out 
advanced development work in the field 
of * isotopic power.’ He will be in charge 
of laboratory facilities associated with five 
heavily-shielded ** hot cells,” in which a 
variety of radioactive fuels for nuclear 
power plants can be handled safely. Mr. 
Stringham, 41, is a native of Arkansas. 
Educated in chemistry and physics at 
Kansas State Teachers College, he was, 
between 1946 and 1953, a member of the 
research staff of the Monsanto Chemical 
Co. In this capacity he gained experience 
in the development of chemical processes 
involving radioactive materials in shielded 
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cells. For the past seven years he has 
been employed by the Goodyear Atomic 
Corporation, and during most of this 
time he was responsible for sampling 
procedures and the establishment of quality 
standards in the company’s giant uranium 
processing plant at Portsmouth, Ohio. 


Senior appointments in their Develop- 
ment and Engineering Group are an- 
nounced by the United Kingdom Atomic 
Energy Authority. MR. R. V. MOORE, 
GC, formerly director of reactor design, 
and DR. H. KRONBERGER, OBE, for- 
merly director of research and development, 
have been appointed as deputy managing 
directors. MR. P. T. FLETCHER, CBE, 
will be deputy managing director, general 
management. Mr. Moore will be deputy 
managing director, projects; and Dr. 
Kronberger_ will be deputy managing 
director, development. MR. S. FAWCETT, 
formerly deputy director, has succeeded 
Mr. Moore as director of reactor design. 
The Research and Development Directorate 
at Risley has been divided into two execu- 
tive directorates. DR.H.K. HARDY and 
MR. F. W. FENNING have been appointed 
respectively as director of fuel element 


development and director of reactor 
technology. 
Allan Douglas 
McKnight 


MR. ALLAN DOUGLAS McKNIGHT 
has been unanimously elected chairman of 
the Board of Governors of the International 
Atomic Energy Agency. Mr. McKnight, 
an Australian, is aged 42, a graduate in law 
from Sydney University, a former assistant 
secretary of the Australian Prime Minister’s 
Department and secretary of the Depart- 
ment of the Army. 


A directorate is being appointed to assist 
the director-general of CERN in his in- 
creasingly arduous duties. The directorate 
will consist of five members, namely the 
director-general who is head of the organi- 
zation, two members for research, one 
member for administration and a member 
for applied physics. PROF. VICTOR F. 
WEISSKOPF recently accepted an appoint- 
ment as one of the research members. 
Professor Weisskopf was born in Vienna 
on September 19th, 1908. He obtained his 
doctorate in physics 23 years later at the 
University of G6-tingen where he studied 
under Max Born and James Franck. In 
1931 he became assistant to Heisenberg at 
Leipzig and one year later joined Schié- 
dinger in Berlin. After a period of some 
months at Kharkov in U.S.S.R., Prof. 
Weisskopf moved first to Zurich and then 
to Copenhagen before taking up an ap- 
pointment as professor at the University of 
Rochester in the United States. He re- 
mained at Rochester until 1943, spent about 


two years at Los Alamos, and then went to 
Massachusetts Institute of Technology in 
October, 1945, to teach physics. Professor 
Weisskopf is the author of many important 
works, is a corresponding member of the 
French Academy of Sciences, a member of 
the National Academy of Sciences in the 
United States, and was president of the 
American Society of Physics for 1960. He 
was awarded the Planck medal by the 
German Society of Physics in 1960 in 
recognition of his work. 


DR. A. TREVOR CHURCHMAN has 
been appointed deputy director of the 
Central Electricity Generating Board’s 
Berkeley nuclear laboratories. Dr. Church- 
man was born and educated in Birmingham 
at King Edward’s School and later at the 
university. After obtaining his BSc first 
class honours in physical metallurgy in 
1946, he went on to obtain his PhD in 1949 
and was elected a University Research 
Fellow the same year. In 1951 Dr. Church- 
man joined the Associated Electrical 
Industries Laboratories at Aldermaston, 
Berkshire, and from 1955 to 1958 was 
attached to Professor Cottrell’s irradiation 
study group at AERE, Harwell. In 1959 
Dr. Churcl.man joined the Central Elec- 
tricity Generating Board as head of the 
materials division of the new laboratories 
at Berkeley in Gloucestershire, and although 
retaining this appointment he now assumes 
the additional responsibilities of deputy 
director of the laboratories where the work 
will be concentrated in three main divisions, 
materials, physics and engineering. In 1957 
and 1959 Dr. Churchman made lecture 
tours of the U.S.A. and has had numerous 
articles published in scientific journals. He 
is a member of the Institution of Nuclear 
Engineers and the Institute of Metals and 
an associate of the Institution of Metal- 
lurgists. 


MR. ARNOLD LINDLEY, MIMechE, 
has been elected chairman of GEC. He 
joined the company as an apprentice in 
1918 and made steady progress until in 
1932 he was transferred to the British 
General Electric Co. of South Africa as 
chief engineer. Soon afterwards he was 
appointed a director of the East Rand 
Engineering Co. In 1949 he was recalled 
from South Africa to take up the appoint- 
ment of general manager of the GEC heavy 
mechanical engineering works at Erith; he 
was appointed a director in 1953. Mr. 
Lindley was largely responsible for the 
company entering the new field of atomic 
energy in 1954 and on his recommendation 
designs were made for complete atomic 
power stations. In 1958 he was made an 
assistant managing director in charge of 
the company’s heavy engineering group and 
in June, 1959, he became vice-chairman and 
managing director. 


Two important appointments have re- 
cently been made to the staff of the 
National Bureau of Standards of the U.S.A. 
DR. THOMAS B. HOOVER will conduct 
research in the Physical Chemistry Section 
and DR. VICTOR KAUFMAN will be 
concerned with research on atomic spectro- 
scopy. 


we 


As a result of the recent reorganization 
of Ekco Electronics, MR. P. J. HARVEY, 
formerly chief electronics engineer, has been 
appointed manager of the nucleonics and 
industrial division, which is responsible for 
research and development covering nu- 
cleonic and physical instrumentation and 
control. The division is concerned with the 
application of these techniques in research 
and medicine, industry and reactor instru- 
mentation. MR. E. B. THOMPSON, 
sales manager of Ekco, has been elected 
chairman of the Nucleonics Group of the 
Scientific Instrument Manufacturers’ Asso- 
ciation. 


The Minister for Science, Lord Hailsham, 
has appointed MR. A. R.M. GEDDES,OBE, 
as a part-time Member of the United King- 
dom Atomic Energy Authority for the four- 
year period November 2lst, 1960 to 
November 20th, 1964. During the war, 


Mr. Geddes served in the Royal Air Force . 


and became Deputy Director of Air Trans- 
port at the Air Ministry. For his work 
there he received the OBE. After the war 
he joined the Dunlop Rubber Co. as over- 
seas sales manager and was eventually 
appointed a managing director in 1957. 


DR. PAUL GAGNON of Canada has 
been chosen to succeed Dr. Ribiero de 
Arruda as director of IAEA’s Division of 
Exchange and Training of Scientists and 
Experts. In 1947 Dr. Gagnon was president 
of the Chemical Institute of Canada and 
has been a member of the Atomic Energy 
Control Board of Canada since 1946. Dr. 
Gagnon is a fellow of the Royal Society of 
Canada and a member of numerous other 
scientific institutes and societies. His many 
scientific papers span a wide field in 
chemistry. He was a delegate to both the 
1955 and 1958 UN Conferences on the 
Peaceful Uses of Atomic Energy in Geneva. 


SIR WILLIS JACKSON, FRS, director 
of research and education of Associated 
Electrical Industries (Manchester), Ltd., is 
to return to academic life as professor of 
electrical engineering at the Imperial 
College of Science and Technology, Lon- 
don. Sir Willis, who is a former apprentice 
of the old Metropolitan-Vickers Electrical 
Co., now AEI (Manchester), Ltd., resigned 
his chair at Imperial College some seven 
years ago to become director of research 
and education of the Manchester company. 
Educated at Burnley Grammar School and 
Manchester University, Sir Willis for some 
time lectured at Bradford Technical College 
and then in 1929 joined Metropolitan- 
Vickers as a college apprentice. Following 
a further period of lecturing at the Man- 
chester College of Technology he carried 
out research work for three years in the 
engineering laboratories at Oxford and then 
returned to Metropolitan-Vickers as a 
research engineer. In 1938 he was ap- 


pointed professor of electrotechnics at 
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Manchester and in 1946 professor of elec- 
trical engineering at Imperial College, 
London. He again returned to the company 
in 1953. Sir Willis has wide experience in 
both education and research and _ his 
guidance is sought by many outside bodies. 
Amongst other activities he has been a 
member of the Scientific Advisory Council 
of the Ministry of Supply and the British 
Broadcasting Corporation; served on the 
Royal Commission on the Civil Service in 
1954; was chairman of the Special Com- 
mittee on the Supply and Training of 
Teachers for Technical Colleges, appointed 
by the Minister of Education in September, 
1956, whose report was issued in 1957; 
and has been president of both the engin- 
eering and education sections of the British 
Association for the Advancement of 
Science. Sir Willis is at present a member 
of the University Grants Committee, the 
National Council for Technological Awards, 
the Research Council of the Department of 
Scientific and Industrial Research, the 
National Council for the Supply and 
Training of Teachers, the Committee on 
the Organization and Control of Govern- 
ment Research Expenditure, the 
Federation of British Industries Research 
Committee. He is also a member of 
council and this year’s president of the 
Institution of Electrical Engineers. 


Silver medals for meritorious service 
have been awarded to several scientists 
working at the U.S. National Bureau of 
Standards. Among the recipients are MR. 
MILTON D. BURDICK, chief of the 
Engineering Ceramics Section, MR. JOHN 
B. WACHTMAN, a physicist in Mr. 
Burdick’s department, and DR. JOHN K. 
TAYLOR, a chemist with the Analytical 
Chemistry Section. Mr. Burdick received 
his award for ** very valuable contribution, 
over a period of 28 years, in the field of 
engineering properties of materials at high 
temperatures.” Born in Hartsville, N.Y., 
in 1909, Mr. Burdick graduated at Alfred 
University and joined the U.S. National 
Bureau of Standards in 1931. Mr. 
Wachtman, who received a silver medal for 
“research contributions of great value in 
the field of the mechanical properties of 
ceramic materials and the mechanisms 
through which they may be controlled,” 
joined the Bureau in 1951. Born in South 
Carolina in 1928, he graduated at the 
Carnegie Institute of Technology where he 
also spent some time teaching and carrying 
out research work. Dr. Taylor, another 
recipient, is in charge of a programme for 
providing a series of uranium isotopic 
standards. This involves the high precision 
analysis of uranium compounds and the 
blending of highly purified isotopic species 
for mass spectrographic analysis. He also 
directs a programme for the electro- 
analytical chemistry concerned with high 
precision coulometric methods of analysis. 
He has been with the Bureau since 1929. 


MR. H. A. ANDREWS has been ap- 
pointed general manager of Power 
Auxiliaries, Ltd., a member company of 
The Plessey Group, which specializes in 
the manufacture of seamless flexible, 
metallic hose widely used in the aircraft, 
nuclear and marine industries. During his 
21 years’ service with The Plessey Co., Ltd., 
Mr. Andrews has been closely connected 


with the aircraft industry and during the 
past year has been responsible for co- 
ordinating certain of the company’s activi- 
ties in that field. Mr. Andrews joined the 
company in 1939 and worked on the design 
and development of plugs, sockets, and 
prototype electrical installations for aircraft. 
From 1940 until 1952 he was resident 
Plessey Engineer with several of the main 
aircraft manufacturers in this country. 
After 1952 Mr. Andrews was successively 
general manager, Plessey (Northern Ireland) 
Ltd.; general manager, wiring and connec- 
tors division at Rotherham and was ap- 
pointed divisional manager of the wiring 
and connectors division at Swindon in 1958. 


The industrial division of Wakefield- 
Dick Industrial Oils, Ltd., a member of the 
Castrol Group of Companies, have ap- 
pointed MR. P. H. CRIPPS as their 
regional sales manager for London and the 
home counties. Peter Cripps, who is 40, 
joined Wakefield-Dick in 1947 and was 
appointed a representative in the London 
area in 1954, 


The director general of the International 
Atomic Energy Agency, Mr. Sterling Cole. 
has offered the position of director of 
IAEA’s Division of Scientific and Tech- 
nical Information to DR. BERNHARD 
GROSS (Brazil), it was announced re- 
cently. Dr. Gross has been a consultant to 
the Agency on its technical conferences, 
publishing programme, documentation ser- 
vice and library since October, 1960. Dr. 
Gross, who has served on the Agency's 
Scientific Advisory Committee since its 
establishment in November, 1958, is a 
citizen of Brazil and was born in 1905 in 
Stuttgart, Federal Republic of Germany, 
where he received his scientific education 
at the Technical High School. He also 
studied at Berlin University. In 1934 he 
emigrated to Brazil and joined the National 
Institute of Technology where he became 
director of the Division of Electricity and 
Electrical Measurements in 1946. He was 
Professor of Physics, University of Federal 
District, 1934-37, and Professor of Elec- 
trical Machinery and Electronics, Institute 
of Technology, Rio de Janeiro, from 1948. 
He also held chairs in Electrical Measure- 
ments and Electrical Engineering. In 
1949-50 he worked at the Electrical Re- 
search Association, London, on a British 
Council fellowship and in 1954 he received 
a fellowship for work at Yale University. 
In 1958 he was awarded a Guggenheim 
fellowship and did research work at High 
Voltage Division, Massachusetts Institute 
of Technology. His main work has been in 
the fields of cosmic rays, dielectrics, rheo- 
logy and atmospheric fall-out. 


SIR GORDON RADLEY, KCB, CBE, 
PhD, MIEE, has been elected a director of 
The English Electric Co., Ltd. On July 
6th, 1960, Sir Gordon joined the boards of 
Marconi’s Wireless Telegraph Co., Ltd., 
Marconi Instruments, Ltd., The English 
Electric Valve Co., Ltd., and the Marconi 
International Marine Communication Co., 
Ltd., all members of The English Electric 
Group, where he is concerned with the 
development of telecommunication equip- 
ment for world markets. 
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Pyrometer 


Research workers of the UKAEA’s 
Development and Engineering Group have 
built and are patenting a radiation pyro- 
meter and associated electrical circuits 
capable of continuously measuring surface 
temperatures of metal bars in the range 
650 C. to 750°C., travelling at rates up to 
20 ft/min. Measurement is effected in a 
narrow band (4 in. to } in.) between a heat- 
ing zone and a quenching zone. A heat 
radiation transmission path is provided by 
a fused quartz rod, the receiving end of 
which is shaped like a fish tail and partly 
encircles the bars. At its other end is a lead 
sulphide photocell. The quartz rod has 
two breaks, the first for a rotary radiation 
chopper in the form of a slotted disc turning 
at a speed to give a chopping frequency of 
1,000 counts/sec, the second for a radiation 
chopper having alternate blades of perspex 
and germanium and giving a 10¢c/s fre- 
quency. Furthermore the rod transmits 
radiation over the wavelength interval from 
0 to 2.5 microns, the perspex blades of the 
second radiation chopper from 0 to 2 
microns and its germanium blades from 
2 to 2.5 microns. Thus, the lead sulphide 
cell receives alternate signals at 10c/s on 
a 1,000 c/s carrier signal. The current from 
the cell is amplified and rectified and the 
two d.c. levels corresponding to the two 
wavelength intervals fed to a switch. The 
resulting signals are smoothed and trans- 
mitted to the slide wire and pointer of a 
potentiometer and presented to the ratio 
recorder of this device. The reading at the 
ratio recorder is a function only of the bar 
surface temperature. (JAN 1) 


Mass Spectrometers 


A new series of mass spectrometers manu- 
factured by the Compagnie Frangaise 
Thomson-Houston for the determination of 
the exact proportions of the constituents of 
a gaseous mixture within the 2 to 150 mass 
range is now available in the United King- 
dom through Leland Instruments, Ltd. 
This TH.N.202 series, employing inter- 
changeable permanent magnets, includes 
three models: the TH.N.202 D, which is 
specifically designed for the separation of 
a pair of molecules of similar mass and is 
based on “double collection”; the 
TH.N.202 SD which features, in addition, 
an electrostatic scanning device allowing 
single collection spectrum recording and 
may be switched instantaneously to either 
single or double collection; the TH.N.202 S, 
which features purely single collection and 
spectrum recording by electrostatics scan- 
ning. At any time the models 202S and 
202 D may be converted into the TH.N. 
202SD by the addition of elements in 
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Mass Spectrometer TH. N202 S 


spaces provided. This specialization of 
instruments results in very precise measure- 
ment of a gas present in only small quanti- 
ties, excellent reproduction of measure- 
ments and the absence of a memory effect. 
The interchangeable permanent magnets 
with fields of 835, 1,560 and 3,150 gauss 
cover the mass ranges 2 to 8, 8 to 32, and 
30 to 100 respectively, and any other com- 
bination of magnets to cover mass ranges 
up to 150 can be supplied on request. 
Using double collection, the 202 spectro- 
meter may be used for precise measure- 
ments of isotopic ratios of gaseous or solid 
elements, for gas concentration measure- 
ments in binary mixtures, for deuterium 


Items published in this monthly feature are 

compiled from manufacturers’ current 

literature. Readers requiring further in- 

formation should use the form at bottom 

of the page. Manufacturers are invited to 

send literature or details of their products 
for inclusion in this feature. 


for tritium in HT,T, mixtures, etc. Employ- 
ing single collection the appropriate model 
may be used for automatic continuous 
analysis of the spectrum of one of the three 
mass ranges 2 to 8, 8 to 32, and 30 to 100 
(and up to mass 150 on request), for auto- 
matic analysis of predetermined masses by 
high voltage switching and, if required, for 
the continuous and automatic recording of 
the concentrations of specified gases. 
Housed in a monobloc unit the TH.N.202 
spectrometers include two assemblies, the 
separator assembly comprising ion source, 
analyser tube, magnet, two target collectors, 
pumping system, power supplies and safety 
devices; and the electronic measurement 
assembly comprising two linear amplifier 
chains, HT power supply and (in the S and 
SD models) a spectrum recorder, automatic 
spectrum scanner and, on request, auto- 
matic HT and sensitivity switching for 
measuring predetermined masses. These 
spectrometers are capable of detecting a 
concentration of a specific isotope of as 
little as 0.1 part per million and have a 
resolving power of 50, which can be in- 
creased, if required. Using double collec- 
tion, for concentrations of less than 100 
ppm, the absolute accuracy of measurement 
is better than 0.1 ppm, and for concentra- 
tions between 100 ppm, and 10,000 ppm the 
relative accuracy is +0.1 per cent. These 
instruments Operate on a power supply of 
220v, single phase 50 cycles and consump- 
tion is 2.5 kW. For cooling purposes they 
require a water flow of 2 litres/min and in 
a day’s use require 10 litres of liquid 


measurements in H,, HD or HD,D, and nitrogen. (JAN 2) 
To: NUCLEAR ENERGY | 
| 147 Victoria Street, London, S.W.1 | 
| 
| Please send further details of the following items in the | 
EQUIPMENT & MATERIALS feature for January, 196/ | 
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A Supplement devoted to the Subject of Radioisotopes 


Intricate air control for isotope research centre 


HE Picker Research Centre, a 

brick and concrete, two-storey 
building with a floor area of 30,000 
sq.ft, was opened to develop instru- 
ments and trace and measure radio- 
active material, and to create new 
medical and industrial uses from 
X-rays and isotopes. The centre is 
part of the Picker X-Ray Corpora- 
tion, the largest producers of X-ray 
and isotope equipment for medicine 
and industry in the U.S.A. 


Test Cell 

The main activity centre of the 
isotope laboratory is the high level 
test cell and one of the important 
duties of the air system is to ensure 
the proper functioning of the $10,000 
viewing window to the cell. The 
viewing components consist of a 
10in. inside coverplate of non- 
browning glass, 49 in. of zinc bro- 
mide solution, and a 2in. outside 
coverplate of safety glass. This con- 
struction provides shielding equiva- 
lent of 66 in. of 150 Ib/cu.ft concrete. 
An alarm is hooked up to go off 
automatically if the temperature of 
the zinc bromide should rise above 
90 F. or fall below 40°F. A failure 
in the air control system could lead 
either to excessively high tempera- 
tures (in which case the liquid solu- 
tion would expand and spill over the 
top of the window through the 
filling valve), or to too low a tem- 
perature level (whereby the fluid 
would lose its light transmission 
qualities and its visibility). In either 
case the test cell would not function 
properly. 

The organizations supporting the 
Operation of the test cell are pri- 
marily concerned with the safety 
considerations necessary when this 
type of equipment is located in a 
Populated area. Every effort has 


been made to eliminate possible 
exposure of the public to radiation 
or radioactive materials. 


The air handling system has 
received special attention due to the 
location of a residential area within 
one block of the laboratory. The 
research centre has three separate 
air conditioning systems for the iso- 
tope areas, first floor research area, 
second floor research area, and the 
lobby and reception area. The iso- 
tope area has a once-through airflow 
system with carefully balanced flow 
gradient to the test cell as the low 
pressure point of the system. The 
supply air to the isotope areas is 
filtered through prefilters before 
entering the building. The heavy 
burden of industrial air wastes from 
neighbouring plants and the railroad 
tracks is therefore removed at the 
point where filter changing is accom- 
plished with the least difficulty. 
Because of the thoroughness of these 
filters the air inside the building 
actually has less radioactive content 
than the air outside. As many as 


99.98 per cent. of the particles (3/10 
micros in diameter) are trapped in 
the filters. The supply air is dis- 


by Lee Babin, Dunham-Bush Incorporated 


tributed to the isotope areas by 
ventilating ducts containing manually 
adjustable dampers. The airflow 
pattern is adjusted initially by 
balancing the supply and exhaust 
systems to obtain the desired flow 
pattern, and periodic checks are 
made to ensure that the desired 
pattern is maintained. 


Exhaust System 

The doors at either end of the 
change area are electrically inter- 
locked to prevent simultaneous open- 
ing which might disturb the airflow 
pattern. The doors at either end of 
the air lock, which is used to move 
shipping containers in and out of the 
isotope areas, are similarly inter- 
locked. The exhaust system has two 
centrifugal blowers which are located 
on the second floor directly above 
the test cell. Both blowers exhaust 
through separate absolute filters and 
a common high velocity stack. The 
larger blower removes air from all 
isotope areas except the test cell and 


(Left) First floor layout 


(Right) Viewing window of 
test cell 


ante 


requires a 2x2 array of absolute 
filters. The exhaust fan for the test 
cell is independently operated and 
has a_ single absolute filter. The 
balanced airflow pattern is from the 
change areas through the hot shop 
and laboratory areas to the decon- 
tamination room and finally to the 
test cell. The test cell exhaust fan is 
driven by a two-speed motor which 
is controlled by the position of the 
double doors connecting the decon- 
tamination room with the shop and 
the laboratory areas. With the doors 
closed, the fan operates at normal 
speed and the decontamination room 
receives its air supply through a duct 
at the south side of the doorway. 
When the door is opened, the supply 
air is diverted from inside to outside 
the decontamination room by means 
of a PE switch which also increases 
the test cell exhaust fan capacity by 
about 50 per cent. This prevents 


reverse flow of the potentially con- 
taminated air of the decontamination 
room into the lower level shop and 
laboratory areas. 
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The air handling system is under 
continuous control by a monitoring 
and safety device system. An air 
sampling tube is mounted across a 
diameter of the air exhaust stack 
about 8 ft above the roof level. An 
air monitor located in the test cell 
control area draws a continuous 
sample of 10 cu.ft/min for analysis. 
Any increase of activity above the 
normal level immediately stops the 
test cell exhaust fan and diverts the 
test cell exhaust air through the 
larger exhaust fan. If normal 
monitor counting level is not re- 
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stored within a short time, the 
second exhaust fan is also stopped. 
The control system also includes 
automatic shutdown of either ex- 
haust fan if a sudden pressure drop 
occurs across its absolute filter, 
indicating rupture of the filter media. 
Whenever both exhaust fans are 
stopped, a solenoid-operated valve 
changes the air sampling point from 
the stack to a second sampling tube 
located above the cell door in the 
decontamination room. With both 
exhaust fans off, a back draught 
through the cell might unload the 


filters into the cell, and this second 
sampling would provide indication 
of airborne activity leaking into the 
decontamination room. 
Brunner compressors 

Three Brunner compressors (model 
E 15NR20 FH, type NR2 OU-n58) 
compress refrigerant F-12 (Freon) as 
it moves to the D-B air-cooled con- 
densers which receive it as a hot gas, 
cool and condense it into a liquid. 
From the air-cooled condensers the 
liquid refrigerant passes through a 
receiver and into the heat exchanger 
which turns the liquid into a vapour. 


There are three D-B air handling 
units, located in the equipment room 
of the building. Two units employ a 
recycling system which forces the 
same air twice through the cooling 
equipment. About 10 per cent. of 
the air is taken from within the 
building and 90 per cent. from the 
outside. The third air handling unit 
pulls in 100 per cent. fresh air to 
supply the isotope area (where 
radioactive materials are handled). 
Because of the possibility of the air 
being contaminated it is’ not  re- 
circulated. 


New counting system 

N automatic counting system 

for measuring radioactivity, de- 
signed for the U.S. Army Chemical 
Centre, Maryland, has been delivered 
by Baird-Atomic, Inc., of Cam- 
bridge, Mass. The unit will permit 
unusually precise radioactivity count- 
ing under field conditions and will 
facilitate on-the-spot processing of 
radioactive samples for research. 
It has been scheduled for testing 
by the Army at Los Alamos, New 
Mexico. The 38-ft trailer-laboratory 
can handle up to 150 samples auto- 
matically, feeding an IBM accessory 
instrument the full results—instru- 
ment number, sample number, 
counting time, counting total, hour 
of day and day of year. 

A special design feature of the de- 
tector assembly allows a convenient 
interchange between gamma and 
beta radiation counting. 

All instruments are shock-mounted 
and can be locked while in transit 
Or swung out for maintenance re- 
quirements. The trailer is entirely 
air-conditioned and contains its 
own sample preparation laboratory. 

The installation consists of six 
gamma/beta scintillation spectro- 
meters with automatic sample 
changers. Each spectrometer is 
read out by an individual channel 
scanner on signal from a specially 
designed master scanner. Results 
are punched on an IBM 526 card 
punch. 


The unit construction of the 
photomultiplier and sample receiver 
allow easy changeovers between 
gamma and beta counting. 


Gamma counting 
rs IDE Window Integral” gamma 
scintillation counting as well 
as standard integral and differential 
counting is possible with Baird- 
Atomic’s new amplifier-analyzer unit, 
Model No. 250. The new instru- 
ment allows the use of a technique— 
wide window integral counting— 
which combines some of the back- 
ground reduction properties of dif- 
ferential counting with the simplicity 
of integral counting. By setting the 
upper level control above the highest 
gamma energy of the isotope in use, 
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an integral spectrum without high 
energy background can be obtained 
with the lower level control. Emphasis 
on human engineering in the design 
of the front panel of the Model No. 
250 facilitates its use even by in- 
experienced technicians as a dif- 
ferential or integral analyzer. The 
instrument can perform double tracer 
studies with two scalers by using the 
integral output for counting gamma 
rays above the upper level setting, 
while the lower energy gammas are 
counted differentially in the window. 
A motor drive for scanning the win- 
dow can be added at the factory or 
installed in the field. In line with 
standard Baird-Atomic, Inc., policy, 


the amplifier-analyzer is entirely 
compatible — with their other 
instruments. 


New techniques 


EW techniques which may lead 

to a better understanding of 
several elements important to the 
development of nuclear energy and 
which have expanded scientists” 
knowledge of nuclear chemistry 
were recently reported by chemists 
of Argonne National Laboratory, 
Argonne, Illinois. 


The Argonne group has been 
working on new methods of separat- 
ing the lanthanides (rare earths) 
and the actinides. Members of both 
series are produced in reactors. Some 
isotopes of the lanthanide elements 
occur as fission products resulting 
from the burn-up of uranium and 
plutonium used to fuel nuclear re- 
actors. The actinide elements— 
thorium, uranium, and plutonium— 
are fissionable materials useful as 
fuel in reactors. 


The Argonne research was carried 
out by Paul R. Fields, a senior 
chemist at Argonne, Nadine Isaac, 
a physical chemist from the Belgium 
Atomic Energy Laboratory at Mol, 
and Dieter M. Gruen, an associate 
chemist on the Argonne staff. Miss 
Isaac worked at Argonne as a 
resident research associate. 

In reporting the results of their 
work Mr. Fields said there was 
**tremendous research interest in 
such heavy actinide elements as 
americium (element-95), curium-96, 


berkelium-97, and californium-98. 
However, separation of these ele- 
ments from the lanthanide elements 
had been extremely difficult, and 
separating different members of the 
same series from each other had been 
especially troublesome. 


The Argonne group was exploring 
a method where an organic solvent 
was used to extract the lanthanides 
and actinides from molten salts. The 
use of aqueous solutions was difficult, 
Fields explained, because most of 
the isotopes of these elements were 
intensely radioactive, and they de- 
composed aqueous solutions. The 
products of the decomposition fre- 
quently interfered with separation 
of the elements by more conventional 
chemical procedures. 


molten salts,” Fields said, 
** where water is absent, the radiation 
decomposition may no longer inter- 
fere in the preparation of chemical 
states more desirable for separation 
processes.” 


The Argonne chemist pointed out 
that the research would provide 
a better understanding of the funda- 
mental chemistry of the solvent 
extraction process for these elements. 
It was hoped, he added, that the 
complex behaviour of materials 
would be better understood through 
the use of the molten salts—solvent 
extraction technique. 


Medical Symposium 


HE use of radioisotopes in study- 
ing tropical diseases were re- 
viewed at an international symposium 
held jointly by IAEA and WHO in 
Bangkok last month. Experts from 
15 countries reported that isotope 
techniques had become valuable 
tools in the investigation of several 
major health problems in tropical 
regions and that the results already 
obtained were likely to help sub- 
stantially in controlling them. 


The meeting showed that the 
nature and causes of certain types of 
anaemia widely prevalent in tropical 
areas are now being investigated 
with radioactive isotopes of iron and 
chromium, while radioactive iodine 
has become indispensable in efforts 
to determine the causative factors of 
endemic goitre, a disease associated 


with the function of the thyroid 
gland, where iodine tends to concen- 
trate. With diseases caused by 
insects, such as malaria, or those 
caused by parasites such as hook- 
worm, radioisotopes help the study 
of the physiology, biochemistry and 
behaviour pattern of insects and 
parasites concerned and in devising 
effective methods of attacking them. 
The application of isotopes in the 
investigation of disorders due to 
nutritional deficiencies was also 
discussed. 


This symposium in Bangkok fol- 
lowed another held earlier in Bombay 
on the use of radioisotopes in the 
fight against insect pests which cause 
enormous losses to crops and live- 
stock all over the world. The dis- 
cussions, in which scientists from 11 
countries took part, indicated that 
studies made by isotope techniques 
had been a considerable help in the 
effective use of chemical insecticides 
and might lead to the development 
of new insecticides with more specific 
action on different types of insects. 
Direct application of radiation for 
pest control was also discussed and 
interest was expressed both in 
developing suitable facilities for the 
destruction of insects by subjecting 
them to large radiation doses and in 
the technique already adopted suc- 
cessfully in certain areas for self- 
elimination of insect populations by 
the release of male insects made 
sterile by radiation. 


Cracow isotopes 


COMMITTEE has recently been 

set up in Cracow to encourage 
the use of radioisotopes in local 
industry and research and experi- 
mental centres. The Cracow Insti- 
tute of Nuclear Physics of the Polish 
Academy of Sciences is to establish 
close co-operation with every-day 
practice and will provide courses on 
the use of isotopes in industry. 
Hitherto the potentialities of the 
special isotope school at the Cracow 
Mining and Metallurgical Academy 
have only been 60 per cent. utilized. 
Isotope specialization has now teen 
introduced for third-year students in 
the Department of Electrification of 
the Mining and Metallurgical In- 
dustry. 


ae 
: 
‘a 
+ 
e 


NUCLEAR ENERGY—JANUARY, 1961 
00m This Vokes ‘Absolute’ filter is th l f 
om is Vokes ‘Absolute’ filter is the nucleus o 
nploy a 
ces the 
cooling 
; a Originally developed for atomic energy work,Vokes ‘Absolute’ 
om a filters have also proved invaluable in biological, pharmaceuti- 
ing unit cal and photographic applications —in fact wherever sub- 
| air to micronic particles of dust and dirt can harm expensive equip- 
ne ment and processes. The special filter medium consisting of 
pop extremely fine asbestos fibres suspended in a grass-based 
not re paper gives a remarkable efficiency of 99.95°,, against particles 
in the 0.1 to 0.§ micron range—a figure guaranteed by 
subjecting every ‘Absolute’ filter to the methylene blue dust 
= cloud test immediately before despatch. (B.S.S. 2831.) 
thyroid Other ‘Absolute’ filters using an all-glass paper filter 
i medium have guaranteed efficiencies as high as 99.99°,, — only 
r those 0.01%, penetration against a methylene blue dust cloud. For 
; hook- further details please ask for publication HJ. 
e study 
try and 
ts and 
devising 
g them. 
in the 
due to 8 
val this Vok lear filtrat lant—the U k 
IS VOKeS nuciear flitratlon pian Qe Unipa 
ok fol- 
30mbay 
in the 
hh cause For the housing of ‘Absolute’ panels Vokes have 
wd ye designed the UNIPAK, an inexpensive, compact 
and adaptable structure consisting primarily of a 
from 11 
ed that sealing frame housed within an outer metal 
hniques container. Complete inlet and outlet headers are 
‘ rts provided, tailor-made to fit between the ventula- 
seal tion ducting and designed to the duct air velocity 
specific specified by the customer. Each ‘Absolute’ filter 
insects. is isolated from the next and is easily and quickly 
ion for fitted or removed by a patented sealing mechanism 
= and which, in addition to securing correct alignment 
ya Pr of the filter, will not permit the access door to be 
bjecting replaced until it is sealed in position. 
; and in 
ed suc- 
or self- 
ions by 
s made 
= 
tly been iL | 
courage | | 
experi- =r [ 
w Insti J | 
stablish —$$} 
ery-day 
irses on Standardized components make possible the simple con- are shown in these sketches — make the UNIPAK suitable 
ndustry. struction of multiple banks to handle a wide range of air for most requirements. Our technical engineers are always 
bs the volumes. The alternative layouts available—a few of which at hand, however, to advise on special installations. 
racow 
cademy 
utilized. 
yw Leen 
fonts © VOKES LIMITED : HENLEY PARK -: GUILDFORD : SURREY 
seg Telephone: Guildford 62861 (6 lines) Telegrams: Vokesacess, Guildford, Telex 
Telex: 8-535 Vokesacess, Gfd. Represented throughout the world 
45 


Mechanical 


Steel 


Tubing 


a 


? 
We carry 
Mild Steel 
and 
TUBE 


@ In scores of diameters and 
wall thicknesses 


é @ In randoms or cut to length 
& @ Thick wall tube a speciality 
@ Send for booklet which gives full 
particulars 
Markland Scowcroft 


LIMITED 
BROMLEY CROSS NEAR BOLTON 


Telephone: EAGLEY 600 M136 
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NEUTRON DETECTION 


W. D. ALLEN 
B.Sc., D.Phil. 


A descriptive leaflet 
is available from 


the publishers 
Dr. Allen has a senior 
appointment at the 
A.E.R.E., Harwell 


Mlustrated by four 

half-tone plates and 

many line diagrams 
and graphs 


The treatment is | 
comprehensive: A 
survey of basic prin- 
ciples followed by 
reactions used, chief 
instruments of de- 
tection, applications 
of detectors, and 
neutron standards. 
Extensive bibliogra- 
phy. Fully indexed. 


From all booksellers, or in 
case of difficulty at 46s. 3d. 
by post from George 
Newnes Ltd., ower 
House, Southampton 
Street, London, W.C.2. | 


Newnes. 


APPOINTMENTS 


UNITED KINGDOM ATOMIC ENERGY AUTHORITY 
require an 
ASSISTANT EXPERIMENTAL OFFICER 

to assist scientific and engineering staff in a variety of interesting 
problems in electronics associated with nuclear physics research. 

Applicants should preferably possess a pass degree in Physics 
or Electronic Engineering or an H.N.C. in Electronic and Elec- 
trical subjects. Younger applicants with G.C.E. in five subjects, 
including English Language and two scientific or mathematical 
subjects at ‘“‘ A’ level, will also be considered. 

Salary: 
per annum. 


£475 (at age 18)—£815 (at age 26 or over) —{1,005 

Superannuation Scheme. Financial assistance towards house 
purchase will be available for married officers living beyond 
daily travelling distance. Excellent modern hostel facilities for 
single people. 

For application form send postcard (or letter) to the Senior 
Recruitment Officer, A.W.R.E., Aldermaston, Berks., quoting 
ref, No. 2859/338. 


POWER AND PROPULSION 
Engineer required for design and development work on heat 
exchangers, steam generators, pressure vessels and other com- 
ponents associated with advanced types of nuclear reactors and 
with other advanced systems in the power and propulsion field. 
Applicants should have academic qualifications of engineering 
degree standard and should preferably have some previous 
experience in design and/or development work. 
Commencing salary within the range 4950-£1,250 p.a. according 
to age and experience. 
Write :—Staff Manager, 
Foster Wheeler Limited, 
3, Ixworth Place, 
London, S.W.3. 
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Electrical Plant for Special Applications 


Special Ward Leonard Equipment supplied by us for driving a 


Plastic Calender. 


Above : Main motor generator set, output 0/220 volts, 200 kW 
max. Inthe foreground auxiliary set giving two D.C. voltages 
for drives to the calender. Right : Work motor 240 h.p. 0/330 


volts D.C., speed range 0/1500. 


500 kW and 750 kW preground MOTOR GENERATOR SETS 
by General Electric Co. ; input 400 volts 3 phase 50 cycles, 
output 230 volts D.C. 


Send us Your 
Enquiries for: 


FREQUENCY CHANGER 
EQUIPMENT 


WARD LEONARD SETS 
MOTOR GENERATOR SETS 


PLATING AND ANODISING 
GENERATORS 


A.C. AND D.C. MOTORS 
ALTERNATORS 
WELDING GENERATORS 


TRANSFORMERS 


SWITCHGEAR—HAND AND 
AUTOMATIC 


GEORGE COHEN 


ROTATING SONS AND COMPANY LIMITED 


ELECTRICAL MACHINES WOOD LANE, LONDON, W.12 


TO 
SPECIAL REQUIREMENTS 


Telephone: SHEpherds Bush 2070 


And at Kingsbury (Nr. Tamworth), Manchester, Glasgow, Bath, Swansea, 
Newcastle-on-Tyne, Belfast, Sheffield, Southampton 


STANNINGLEY, Nr. LEEDS 
Telephone: Pudsey 2241 
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-—— the Stamp of experience which is on all Atomic Energy Equipment manufactured by 
Graviner. We can make almost anything in this rather new sphere of activity, whether it be a lead- 
filled shielded container, a Thulium storage magazine, a magnet for neutron beam focusing or a 20 
ton mobile cell unit with viewing windows and handling equipment. We specialise too, in the 
machining of graphite. Indeed, with the recent addition of 12,500 square feet of factory space 
we can deal with anything from the making of a tiny graphite spring 
to a Reflector for a Reactor —all under controlled clean conditions. 
If therefore you have a Development or Production problem, our Nuclear 


Energy Division will be very pleased to help you. Won't you pay a visit to 


the Gosport Factory and see what we can do? 


Contractors to The Atomic Energy Authority 
FAREHAM ROAD - GOSPORT - HANTS - Telephone Fareham 2511 


Also specialists in Airborne, Diesel Engine and Industrial Fire and Explosion Protection, Thermostats and Overheat Switches I 


E 
Physics is part of your life. You 
R 
cannot get away from it. Whether 
you are a poet or photographer, “a 
theologian or telegraphist, a baritone 
or a bus-driver, a knowledge of this oo 
subject will enrich you. 
s 
J 
C 
Size of the Book 8% in. x 54 in. and is c 
in blue cloth. 560 pages with 123 
diagrams. Send 53i- (which includes 
postage) for immediate attention. C 
C 
PRINCES PRESS LIMITED, 147 VICTORIA STREET, S.W.1 
MS a Printed and Published by Princes Press, Ltd., 147, Victoria Street, Westminster, S.W.1. 
_ Conditions of Sale and Supply.—This periodical is sold subject to the following conditions, namely, that it shall net, without the written permission of the publishers first 
given, be lent, resold, hired out or otherwise disposed of by way of trade except at the full retail, price of three shillings 2nd sixpence. and that it shall not be lent, resold, . 


hired out or otherwise disposed of in a mutilated condition or in any unauthorised cover by way of trade; or affixed to or as part of any publication or advertising, literary or 
pictorial matter whatsoever 
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